Title 15 - Mississippi Department of Health
Part Il — Office of Health Protection

Subpart 78 — Division of Radiological Health

CHAPTER 01 REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI

400 Standards For Protection Against Radiation

400.01 Purpose.

400.02

400.03

1. This section establishes standards for protectymmnat ionizing radiation
resulting from activities conducted pursuant terises or registrations issued
by the Agency. These regulations are issued paotsoathe Mississippi
Radiation Protection Law of 1976.

2. The requirements of this section are designed tutrab the receipt,
possession, use, transfer, and disposal of soofcadiation by any licensee
or registrant so the total dose to an individuadluding doses resulting from
all sources of radiation other than backgroundatamti, does not exceed the
standards for protection against radiation prescribn this section.
However, nothing in this section shall be constrasdimiting actions that
may be necessary to protect health and safety.

Scope Except as specifically provided in other sectiohthese regulations, this
section applies to persons licensed or registey¢kddbAgency to receive, possess,
use, transfer, or dispose of sources of radiatibime limits in this section do not
apply to doses due to background radiation, to sxy@oof patients to radiation for
the purpose of medical diagnosis or therapy, tooswpe from individuals
administered radioactive material and releaseccoor@ance with 700.33, or to
exposure from voluntary participation in medicaearch programs.

Definitions. As used in Section 400:

“Air-purifying respirator” means a respirator wiln air-purifying filter, cartridge,
or canister that removes specific air contaminbgtpassing ambient air through
the air-purifying element.

"Annual limit on intake" (ALI) means the derivedmiit for the amount of
radioactive material taken into the body of an tdubrker by inhalation or
ingestion in a year. ALl is the smaller valuemgike of a given radionuclide in a
year by the reference man that would result in mrodted effective dose
equivalent of 5 rems (0.05 sievert) or a committese equivalent of 50 rems (0.5
sievert) to any individual organ or tissue. ALlwes for intake by ingestion and by



inhalation of selected radionuclides are given abl€ I, Columns 1 and 2, of
Appendix B of this section.

“Assigned protection factor (APF)” means the expdctvorkplace level of

respiratory protection that would be provided lgraperly functioning respirator

or a class of respirators to properly fitted aradned users. Operationally, the
inhaled concentration can be estimated by dividihg ambient airborne

concentration by the APF.

“Atmosphere-supplying respirator” means a respirétat supplies the respirator
user with breathing air from a source independétiteambient atmosphere, and
includes supplied-air respirators (SARs) and sefftained breathing apparatus
(SCBA) units.

"Class" means a classification scheme for inhalatenal according to its rate of
clearance from the pulmonary region of the lunagtévials are classified as D, W,
or Y, which applies to a range of clearance haties: for Class D, Days, of less
than 10 days, for Class W, Weeks, from 10 to 188 dand for Class Y, Years, of
greater than 100 days. For purposes of these atgud, "lung class" and

"inhalation class" are equivalent terms.

“Constraint (dose constraint)” means a value aldveh specified licensee actions
are required.

"Declared pregnant woman" means a woman who hasasily informed the
licensee or registrant, in writing, of her pregnarmnd the estimated date of
conception. The declaration remains in effectluhé declared pregnant woman
withdraws the declaration in writing or is no longeegnant.

“‘Demand respirator” means an atmosphere-supplyaspirator that admits
breathing air to the facepiece only when a negairessure is created inside the
facepiece by inhalation.

"Derived air concentration" (DAC) means the concaitn of a given radionuclide
in air which, if breathed by the reference mandavorking year of 2,000 hours
under conditions of light work, results in an intadf one ALI. For purposes of
these regulations, the condition of light work s iahalation rate of 1.2 cubic
meters of air per hour for 2,000 hours in a yéaAC values are given in Table I,
Column 3, of Appendix B.

"Derived air concentration-hour" (DAC-hour) meanget product of the
concentration of radioactive material in air, exgsed as a fraction or multiple of
the derived air concentration for each radionuglhel the time of exposure to that
radionuclide, in hours. A licensee or registrantyrteke 2,000 DAC-hours to
represent one ALI, equivalent to a committed effectiose equivalent of 5 rems
(0.05 sievert).
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“Disposable respirator” means a respirator for Wwhi@aintenance is not intended
and that is designed to be discarded after exaegsaathing resistance, sorbent
exhaustion, physical damage, or end-of-serviceréfeders it unsuitable for use.

Examples of this type of respirator are a dispasdiallf-mask respirator or a

disposable escape-only self-contained breathingrapys (SCBA).

"Dosimetry processor" means an individual or araaization that processes and
evaluates individual monitoring devices in orded&termine the radiation dose
delivered to the monitoring devices.

“Filtering facepiece (dust mask)” means a neggtnessure particulate respirator
with a filter as an integral part of the facepiemewith the entire facepiece
composed of the filtering medium, not equipped witstomeric sealing surfaces
and adjustable straps.

“Fit factor” means a quantitative estimate of theof a particular respirator to a
specific individual, and typically estimates theioaof the concentration of a
substance in ambient air to its concentration msi respirator when worn.

“Fit test” means the use of a protocol to quahtally or quantitatively evaluate the
fit of a respirator on an individual.

“Helmet” means a rigid respiratory inlet coverihgtalso provides head protection
against impact and penetration.

“Hood” means a respiratory inlet covering that ctetgly covers the head and
neck and may also cover portions of the shouldedsi@rso.

“Loose-fitting facepiece” means a respiratory intewering that is designed to
form a partial seal with the face.

"Inhalation class" [see "Class"].
"Lung class" [see "Class"].

“Negative pressure respirator (tight fitting)” meaa respirator in which the air
pressure inside the facepiece is negative durihglation with respect to the
ambient air pressure outside the respirator.

"Nonstochastic effect" means a health effect, dwesty of which varies with the
dose and for which a threshold is believed to eXstdiation-induced cataract
formation is an example of a nonstochastic effe¢tor purposes of these
regulations, "deterministic effect" is an equivalerm.

"Planned special exposure” means an infrequentsexpdo radiation, separate
from and in addition to the annual occupationaledasits.
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“Positive pressure respirator’ means a respiratavhich the pressure inside the
respiratory inlet covering exceeds the ambienprssure outside the respirator.

“Powered air-purifying respirator (PAPR)” meansaanpurifying respirator that
uses a blower to force the ambient air througlpaiifying elements to the inlet
covering.

“Pressure demand respirator” means a positive presstmosphere-supplying
respirator that admits breathing air to the facepmhen the positive pressure is
reduced inside the facepiece by inhalation.

“Qualitative fit test (QLFT)” means a pass/fail fdst to assess the adequacy of
respirator fit that relies on the individual's respe to the test agent.

“Quantitative fit test (QNFT)” means an assessnoétite adequacy of respirator
fit by numerically measuring the amount of leakade the respirator.

"Quarter" means a period of time equal to one-fooftthe year observed by the
licensee, approximately 13 consecutive weeks, giogithat the beginning of the
first quarter in a year coincides with the startitage of the year and that no day is
omitted or duplicated in consecutive quarters.

"Reference Man" means a hypothetical aggregatiorhwohan physical and

physiological characteristics determined by intéomal consensus. These
characteristics may be used by researchers anit pellth workers to standardize
results of experiments and to relate biologicauingo a common base. A
description of the Reference Man is contained @nltiternational Commission on
Radiological Protection report, ICRP Publication ' XEeport of the Task Group on
Reference Man."

"Respiratory protective equipment” means an appsyatich as a respirator, used
to reduce an individual's intake of airborne radine materials.

"Sanitary sewerage" means a system of public seéaecsirrying off waste water
and refuse, but excluding sewage treatment fasliseptic tanks, and leach fields
owned or operated by the licensee or registrant.

“Self-contained breathing apparatus (SCBA)” meansaamosphere-supplying
respirator for which the breathing air source isigieed to be carried by the user.

"Stochastic effect” means a health effect that mccandomly and for which the
probability of the effect occurring, rather thamseverity, is assumed to be a linear
function of dose without threshold.

Hereditary effects and cancer incidence are examgflstochastic effects. For
purposes of these regulations, "probabilistic ¢ffescan equivalent term.
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“Supplied-air  respirator (SAR)” or airline respibat means an
atmosphere-supplying respirator for which the seun€ breathing air is not
designed to be carried by the user.

“Tight-fitting facepiece” means a respiratory intetvering that forms a complete
seal with the face.

“User seal check (fit check)” means an action catetliby the respirator user to
determine if the respirator is properly seatedhéoface. Examples include negative
pressure check, positive pressure check, irritanatke check, or isoamyl acetate
check.

"Very high radiation area” means an area, accessdlindividuals, in which

radiation levels from radiation sources externathi® body could result in an
individual receiving an absorbed dose in exce&0frads (5 grays) in 1 hour at 1
meter from a source of radiation or from any sufdnat the radiation penetrates.

"Weighting factor" w for an organ or tissue (T) means the proporticghefisk of
stochastic effects resulting from irradiation adttbrgan or tissue to the total risk of
stochastic effects when the whole body is irradiataiformly. For calculating the
effective dose equivalent, the values gfave:

ORGAN DOSE WEIGHTING FACTORS

Organ or Tissue w
Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder 0.30
Whole Body 1.00

#0.30 results from 0.06 for each of 5 "remaindegams, excluding the skin and
the lens of the eye, that receive the highest doses

P For the purpose of weighting the external wholdybdose, for adding it to the
internal dose, a single weighting factor, 1.0, has been specified. The use of
other weighting factors for external exposure wélapproved on a case-by-case
basis until such time as specific guidance is idsue

! At very high doses received at high dose ratdss ahabsorbed dose, gray and rad, are approprater than units of
dose equivalent, sievert and rem.
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400.04 Implementation.

1. Any existing license or registration condition th&tmore restrictive than
Section 400 remains in force until there is an aitn@nt or renewal of the
license or registration.

2. If alicense or registration condition exemptscatisee or registrant from a
provision of Section 400 in effect on or before Asg9, 1996, it also
exempts the licensee or registrant from the coomding provision of
Section 400.

3. Ifalicense or registration condition cites praerms of Section 400 in effect
prior to August 9, 1996, which do not correspondatty provisions of
Section 400, the license or registration conditemains in force until there
is an amendment or renewal of the license or negish that modifies or
removes this condition.

Radiation Protection Programs

400.05 Radiation Protection Programs.

1. Each licensee or registrant shall develop, documamd implement a
radiation protection program sufficient to ensumngpliance with the
provisions of this section. See 400.42 for recoegkeg requirements relating
to these programs.

2. The licensee or registrant shall use, to the exieattical, procedures and
engineering controls based upon sound radiatiotegtion principles to
achieve occupational doses and public doses thaisdow as is reasonably
achievable (ALARA).

3. The licensee or registrant shall, at intervalsta@xceed 12 months, review
the radiation protection program content and imgetation.

4. To implement the ALARA requirements of 400.05(2)danotwithstanding
the requirements in 400.14 of this section, a caigton air emissions of
radioactive material to the environment, excludiRgdon-222 and its
daughters, shall be established by licensees teatthe individual member
of the public likely to receive the highest dosé mot be expected to receive
a total effective dose equivalent in excess of 186mm(0.1 mSv) per year
from these emissions. If a licensee subject tordgsiirement exceeds this
dose constraint, the licensee shall report the esdargce as provided in
400.54 and promptly take appropriate correctivéoacto ensure against
recurrence.

Occupational Dose Limits

400.06 Occupational Dose Limits for Adults.
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1. The licensee or registrant shall control the octiopal dose to individual
adults, except for planned special exposures potsioa400.11, to the
following dose limits:

a. A annual limit, which is the more limiting of:

I. the total effective dose equivalent being equabtoems (0.05
sievert); or

ii. the sum of the deep dose equivalent and the cosunitose
equivalent to any individual organ or tissue oti@n the lens of the
eye being equal to 50 rems (0.5 sievert).

The assigned shallow-dose equivalent must be tee deeraged over the
contiguous 10 square centimeters of skin receitheghighest exposure.

b. The annual limits to the lens of the eye, to the sk the whole body,
and to the skin of the extremities which are:

I. alens dose equivalent of 15 rems (0.15 sievert); a

ii. ashallow dose equivalent of 50 rems (0.5 sieverthe skin of the
whole body or to the skin of any extremity.

2. Doses received in excess of the annual limits,uhioly doses received
during accidents, emergencies, and planned speg@sures, shall be
subtracted from the limits for planned special esypes that the individual
may receive during the current year and duringritividual's lifetime. See
400.11(5)(a) and (b).

3.  When the external exposure is determined by measmewith an external
personal monitoring device, the deep-dose equivaheist be used in place
of the effective dose equivalent, unless the dffectiose equivalent is
determined by a dosimetry method approved by then&g The assigned
deep dose equivalent must be for the part of thily beceiving the highest
exposure. The assigned shallow dose equivalentneuste dose averaged
over the contiguous 10 square centimeters of skoeiving the highest
exposure. The deep dose equivalent, lens doseatguivand shallow dose
equivalent may be assessed from surveys or oftliaticm measurements for
the purpose of demonstrating compliance with tloeipational dose limits, if
the individual monitoring device was not in theioggof highest potential
exposure, or the results of individual monitorimg anavailable.

4. Derived air concentration (DAC) and annual limitiotake (ALI) values are
presented in Table | of Appendix B of this secteomd may be used to
determine the individual's dose and to demonstratapliance with the
occupational dose limits. See 400.47.
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5. Notwithstanding the annual dose limits, the licenskall limit the soluble
uranium intake by an individual to 10 milligramsainweek in consideration
of chemical toxicity. See footnote 3 of AppendioBthis section.

6. The licensee or registrant shall reduce the doseath individual may be
allowed to receive in the current year by the an@firoccupational dose
received while employed by any other person. S€e14Q5).

400.07 Compliance with Requirements for Summation of Endénand Internal Doses.

1. Ifthe licensee is required to monitor pursuartidth 400.18(1) and (2), the
licensee shall demonstrate compliance with the diosies by summing
external and internal doses. If the licensee dstemt is required to monitor
only pursuant to 400.18(1) or only pursuant to 48(R), then summation is
not required to demonstrate compliance with theedwsits. The licensee
may demonstrate compliance with the requirementsstonmation of
external and internal doses pursuant to 400.0782),and (4). The dose
equivalents for the lens of the eye, the skin, Hralextremities are not
included in the summation, but are subject to sepdimits.

2. Intake by Inhalation. If the only intake of radiahdes is by inhalation, the
total effective dose equivalent limit is not exceedf the sum of the deep
dose equivalent divided by the total effective degeivalent limit, and one
of the following, does not exceed unity:

a. the sum of the fractions of the inhalation ALI fsach radionuclide; or

b. the total number of derived air concentration-hgd@&C-hours) for all
radionuclides divided by 2,000; or

c. the sum of the calculated committed effective degeivalents to all
significantly irradiated organs or tissues (T) cédted from bioassay
data using appropriate biological models and exyaeas a fraction of
the annual limit. For purposes of this requiremantprgan or tissue is
deemed to be significantly irradiated if, for tlmgan or tissue, the
product of the weighting factors;yand the committed dose equivalent,
Hrso, per unit intake is greater than 10 percent of rieximum
weighted value of kb, that is, wnr 50, P€r unit intake for any organ or
tissue.

3. Intake by Oral Ingestion. If the occupationallypezed individual also
receives an intake of radionuclides by oral ingesgreater than 10 percent
of the applicable oral ALI, the licensee or registrshall account for this
intake and include it in demonstrating complianctthe limits.

4. Intake through Wounds or Absorption through Skiffhe licensee shall
evaluate and, to the extent practical, accounttakes through wounds or
skin absorption. The intake through intact skis baen included in the
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calculation of DAC for hydrogen-3 and does not neethe evaluated or
accounted for pursuant to 400.07(4).

400.08 Determination of External Dose from Airborne Radithae Material.

1. Licensees shall, when determining the dose frorhoaie radioactive
material, include the contribution to the deep degaivalent, lens dose
equivalent, and shallow dose equivalent from esesxposure to the
radioactive cloud. See Appendix B of this sectiootnotes 1 and 2.

2. Airborne radioactivity measurements and DAC valsieall not be used as
the primary means to assess the deep dose equivdien the airborne
radioactive material includes radionuclides otlr@mntnoble gases or if the
cloud of airborne radioactive material is not neklly uniform. The
determination of the deep dose equivalent to aivishaal shall be based
upon measurements using instruments or individwaditaring devices.

400.09 Determination of Internal Exposure.

1. For purposes of assessing dose used to determimplianoce with
occupational dose equivalent limits, the licenshkalls when required
pursuant to 400.18, take suitable and timely megsents of:

a. concentrations of radioactive materials in air iorkvareas; or
b. quantities of radionuclides in the body; or

c. quantities of radionuclides excreted from the bauty;

d. combinations of these measurements.

2. Unless respiratory protective equipment is usegr@saded in 400.24, or the
assessment of intake is based on bioassays, #msdée shall assume that an
individual inhales radioactive material at the afre concentration in which
the individual is present.

3.  When specific information on the physical and beoical properties of the
radionuclides taken into the body or the behaviothe material in an
individual is known, the licensee may:

a. use that information to calculate the committedectffre dose
equivalent, and, if used, the licensee shall docurmat information in
the individual's record; and

b. upon prior approval of the Agency, adjust the DACALI values to
reflect the actual physical and chemical charasties of airborne
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radioactive material, for example, aerosol sizérithistion or density;
and

c. separately assess the contribution of fractiortakes of Class D, W, or
Y compounds of a given radionuclide to the comrdigéective dose
equivalent. See Appendix B of this section.

4. If the licensee chooses to assess intakes of Maswmterial using the
measurements given in 400.09(1)(b) or (c), thensee may delay the
recording and reporting of the assessments foogerp to 7 months, unless
otherwise required by 400.53 or 400.54. This dekeymits the licensee to
make additional measurements basic to the assetssmen

5. Ifthe identity and concentration of each radiomdecin a mixture are known,
the fraction of the DAC applicable to the mixtuoe @ise in calculating DAC-
hours shall be either:

a. the sum of the ratios of the concentration to fhy@epriate DAC value,
that is, D, W, or Y, from Appendix B of this sectidor each
radionuclide in the mixture; or

b. the ratio of the total concentration for all radichdes in the mixture to
the most restrictive DAC value for any radionuclidghe mixture.

6. If the identity of each radionuclide in a mixture known, but the
concentration of one or more of the radionuclideghie mixture is not
known, the DAC for the mixture shall be the mostrietive DAC of any
radionuclide in the mixture.

7. When a mixture of radionuclides in air exists, @fisee may disregard
certain radionuclides in the mixture if:

a. the licensee uses the total activity of the mixturedemonstrating
compliance with the dose limits in 400.06 and imptying with the
monitoring requirements in 400.18(2); and

b. the concentration of any radionuclide disregarddesds than 10 percent
of its DAC; and

c. the sum of these percentages for all of the radihes disregarded in
the mixture does not exceed 30 percent.

8. When determining the committed effective dose eajemt, the following
information may be considered:

a. In order to calculate the committed effective despiivalent, the
licensee may assume that the inhalation of one &l.dn exposure of
2,000 DAC-hours, results in a committed effectieselequivalent of 5
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rems (0.05 sievert) for radionuclides that have thiels or DACs based
on the committed effective dose equivalent.

b. For an ALl and the associated DAC determined bynibvestochastic
organ dose limit of 50 rems (0.5 sievert), theketaf radionuclides that
would result in a committed effective dose equingalef 5 rems (0.05
sievert), that is, the stochastic ALI, is listecperentheses in Table | of
Appendix B of this section. The licensee may, asiraplifying
assumption, use the stochastic ALl to determineroitted effective
dose equivalent. However, if the licensee usestihehastic ALI, the
licensee shall also demonstrate that the limit0®.@6(1)(a)(ii) is met.

400.10 Determination of Prior Occupational Dose.

1. For each individual who is likely to receive in @ay, an occupational dose
requiring monitoring pursuant to 400.18, the liamnsr registrant shall:

a. determine the occupational radiation dose recetgthg the current
year; and

b. attempt to obtain the records of lifetime cumulatisccupational
radiation dose.

2. Prior to permitting an individual to participateamplanned special exposure,
the licensee or registrant shall determine:

a. the internal and external doses from all previolenped special
exposures; and

b. all doses in excess of the limits, including doseseived during
accidents and emergencies, received during theimie of the
individual; and

c. all lifetime cumulative occupational radiation dose

3. In complying with the requirements of 400.10(1)jce@nsee or registrant
may:

a. accept, as a record of the occupational doseftkantlividual received
during the current year, a written signed staterfremt the individual,
or from the individual's most recent employer foori involving
radiation exposure, that discloses the nature hadatmount of any
occupational dose that the individual receivedmythe current year;
and

b. accept, as the record of lifetime cumulative radratiose, an up-to-date
Agency Form RH-4 or equivalent, signed by the imdlial and
countersigned by an appropriate official of the tmesent employer for
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work involving radiation exposure, or the individla@urrent employer,
if the individual is not employed by the licensegenistrant; and

c. obtain reports of the individual's dose equivafenin the most recent
employer for work involving radiation exposure, thie individual's
current employer, if the individual is not employled the licensee or
registrant, by telephone, telegram, facsimileettet. The licensee or
registrant shall request a written verificationtbé dose data if the
authenticity of the transmitted report cannot batdshed.

a. The licensee or registrant shall record the exmoBistory, as required
by 400.10(1), on Agency Form RH-4, or other cleat kegible record,
of all the information required on that form. Tieem or record shall
show each period in which the individual receiveccupational
exposure to radiation or radioactive material dmall$e signed by the
individual who received the exposure. For eachopeior which the
licensee or registrant obtains reports, the liceseegistrant shall use
the dose shown in the report in preparing AgencynF&H-4 or
equivalent. For any period in which the licenseeegiistrant does not
obtain a report, the licensee or registrant shiate a notation on
Agency Form RH-4 or equivalent indicating the pdsicf time for
which data are not available.

b. Licensees are not required to reevaluate the depasdernal dose
equivalents and internal committed dose equivalentsntakes of
radionuclides assessed pursuant to the regulatidims section in effect
before August 9, 1996. Further, occupational expmoshistories
obtained and recorded on Agency Form RH-4 or edgmiebefore
August 9, 1996, would not have included effectioselequivalent, but
may be used in the absence of specific informatiorthe intake of
radionuclides by the individual.

5. Ifthe licensee is unable to obtain a completenctoban individual's current
and previously accumulated occupational dose,itkadee shall assume:

a. In establishing administrative controls pursuané@®.10(1) for the
current year, that the allowable dose limit for ith@ividual is reduced
by 12.5 millisieverts (1.25 rems) for each quaiwewhich records were
unavailable and the individual was engaged in @@s/that could have
resulted in occupational radiation exposure; and

b. That the individual is not available for planne@spl exposures.

6. The licensee shall retain the records on AgencynARH-4 or equivalent
until the Agency terminates each pertinent licemseegistration requiring
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this record. The licensee shall retain recordd uspreparing Agency Form
RH-4 or equivalent for 3 years after the recomh&le.

400.11 Planned Special ExposureAlicensee or registrant may authorize an adofker
to receive doses in addition to and accounteddpasately from the doses received
under the limits specified in 400.06 provided tath of the following conditions
is satisfied:

1. The licensee or registrant authorizes a plannediapexposure only in an
exceptional situation when alternatives that maylutid the dose estimated to
result from the planned special exposure are uleblaior impractical.

2. Thelicensee or registrant, and employer if theleygy is not the licensee or
registrant, specifically authorizes the plannedcgdeexposure, in writing,
before the exposure occurs.

3. Before a planned special exposure, the licensegmtrant ensures that each
individual involved is:

a. informed of the purpose of the planned operatiod; a

b. informed of the estimated doses and associatechfmdteisks and
specific radiation levels or other conditions thaght be involved in
performing the task; and

c. instructed in the measures to be taken to keepdtdse ALARA
considering other risks that may be present.

4. Prior to permitting an individual to participatedmplanned special exposure,
the licensee or registrant ascertains prior dosegguired by 400.10(2)
during the lifetime of the individual for each in@iual involved.

5. Subject to 400.06(2), the licensee or registraall siot authorize a planned
special exposure that would cause an individuaéteive a dose from all
planned special exposures and all doses in extdiss mits to exceed:

a. the numerical values of any of the dose limits@0.96(1) in any year,
and

b. five times the annual dose limits in 400.06(1) dgrthe individual's
lifetime.

6. The licensee or registrant maintains records ofcthreduct of a planned
special exposure in accordance with 400.46 and gsilamvritten report in
accordance with 400.55.

7. The licensee or registrant records the best estiofahe dose resulting from
the planned special exposure in the individuakonme and informs the
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individual, in writing, of the dose within 30 dafyem the date of the planned
special exposure. The dose from planned speciadsexps shall not be
considered in controlling future occupational dokthe individual pursuant
to 400.06(1) but shall be included in evaluaticegpuired by 400.11(4) and
400.11(5).

400.12 Occupational Dose Limits for MinorsThe annual occupational dose limits for
minors are 10 percent of the annual occupationsé dionits specified for adult
workers in 400.06.

400.13 Dose to an Embryo/Fetus.

1. The licensee or registrant shall ensure that thee dequivalent to an
embryo/fetus during the entire pregnancy, due tmpational exposure of a
declared pregnhant woman, does not exceed 0.5 renill{§ieverts). See
400.47 for recordkeeping requirements.

2. The licensee or registrant shall make efforts midgubstantial variatidn
above a uniform monthly exposure rate to a declpregnant woman so as
to satisfy the limit in 400.13(1).

3. The dose equivalent to an embryo/fetus shall bertas the sum of:
a. the deep dose equivalent to the declared pregnamiw; and

b. the dose equivalent to the embryo/fetus from raatbdes in the
embryo/fetus and radionuclides in the declaredrmaagwoman.

4. If by the time the woman declares pregnancy tditeasee or registrant, the
dose equivalent to the embryo/fetus has exceededndlisieverts (0.45
rems), the licensee or registrant shall be deemdxst in compliance with
400.13(1) if the additional dose to the embryoAetaes not exceed 0.05 rem
(0.5 millisievert) during the remainder of the pnagcy.

Radiation Dose Limits For
Individual Members Of The Public

400.14 Dose Limits for Individual Members of the Public.

1. Each licensee or registrant shall conduct operatsanthat:

a. the total effective dose equivalent to individuambers of the public
from the licensed or registered operation doesemoeed 0.1 rem (1
millisievert) in a year, exclusive of the dose cimitions from
background radiation, from any medical administratine individual

2 The National Council on Radiation Protection aneasurements recommended in NCRP Report No. 91
“Recommendations on Limits for Exposure to lonizRgdiation” (June 1, 1987) that no more than 0éd8 (0.5
millisievert) to the embryo/fetus be received iry ame month.
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has received, from exposure to individuals admenest radioactive
material and released in accordance with 700.3Bexde regulations
from voluntary participation in medical researcbgrams, and from the
licensee's disposal of radioactive material intnitsgy sewerage in
accordance with 400.36and

b. the dose in any unrestricted area from externaktesyexclusive of the
dose contributions from patients administered ractive material and
released in accordance with 700.33 of these ragntatioes not exceed
0.002 rem (0.02 millisievert) in any one hour.

2. If the licensee or registrant permits members efthblic to have access to
controlled areas, the limits for members of theljgutontinue to apply to
those individuals.

3. Notwithstanding 400.14(1)(a), a licensee may pevisitors to an individual
who cannot be released, un@®0.33, to receive a radiation dose greater than
0.1 rem (1 mSv) if:

a. The radiation dose received does not exceed 0.§5en$v); and

b. The authorized user, as definedSection 700, has determined before
the visit that it is appropriate.

4. Alicensee, registrant, or an applicant for a Ig=nr registration may apply
for prior Agency authorization to operate up toammual dose limit for an
individual member of the public of 0.5 rem (5 nsiléverts). This application
shall include the following information:

a. demonstration of the need for and the expectedidaraf operations in
excess of the limit in 400.14(1); and

b. the licensee's or registrant's program to assebssaitrol dose within
the 0.5 rem (5 millisieverts) annual limit; and

c. the procedures to be followed to maintain the dus&RA.

5. In addition to the requirements of Section 400icansee subject to the
provisions of the U.S. Environmental Protection Aggs generally
applicable environmental radiation standards irC#HR 190 shall comply
with those standards.

6. The Agency may impose additional restrictions odiation levels in
unrestricted areas and on the total quantity abractlides that a licensee or
registrant may release in effluents in order toriegthe collective dose.

® Retrofitting shall not be required for locationishin facilities where only radiation machines és@prior to August 9,
1996, and met the previous requirements of 0.5(emillisieverts) in a year.
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400.15 Compliance with Dose Limits for Individual Membearsthe Public.

1. Thelicensee or registrant shall make or cause todile surveys of radiation
levels in unrestricted and controlled areas andosaative materials in
effluents released to unrestricted and controlleghs to demonstrate
compliance with the dose limits for individual meand of the public in
400.14.

2. Alicensee or registrant shall show compliance whthannual dose limit in
400.14 by:

a. demonstrating by measurement or calculation thattotal effective
dose equivalent to the individual likely to receilie highest dose from
the licensed or registered operation does not eixttee annual dose
limit; or

b. demonstrating that:

I. the annual average concentrations of radioactiveniaareleased in
gaseous and liquid effluents at the boundary otitivestricted area
do not exceed the values specified in Table Il ppéndix B of this
section; and

ii. if an individual were continually present in an esiricted area, the
dose from external sources would not exceed 0.@d2 (0.02
millisievert) in an hour and 0.05 rem (0.5 millisgzt) in a year.

3. Upon approval from the Agency, the licensee maysidihe effluent
concentration values in Appendix B of this sectibable 1, for members of
the public, to take into account the actual physiaad chemical
characteristics of the effluents, such as, aemigeldistribution, solubility,
density, radioactive decay equilibrium, and cheirfiman.

Testing For Leakage Or Contamination Of Sealed Sowes

400.16 Testing for Leakage or Contamination of Sealed &msir

1. The licensee in possession of any sealed sourdeaskare that:

a. Each sealed source, except as specified in 400,168(2ested for
leakage or contamination and the test results ereived before the
sealed source is put into use unless the liceresea bertificate from the
transferor indicating that the sealed source wstedewithin 6 months
before transfer to the licensee.

b. Each sealed source that is not designed to enfiagprticles is tested
for leakage or contamination at intervals not toeed 6 months or at
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alternative intervals approved by the Agency, ameggent State, a
Licensing State, or the U.S. Nuclear Regulatory @xssion.

c. Each sealed source that is designed to emit alatieclps is tested for
leakage or contamination at intervals not to excéadonths or at
alternative intervals approved by the Agency, ameggient State, a
Licensing State, or the U.S. Nuclear Regulatory @xigsion.

d. For each sealed source that is required to bedtdeteleakage or
contamination, at any other time there is reas@uspect that the sealed
source might have been damaged or might be leatkiadicensee shall
assure that the sealed source is tested for leakagentamination
before further use.

e. Tests for leakage for all sealed sources, excemhytherapy sources
manufactured to contain radium, shall be capableleiécting the
presence of 0.005 microcurie (185 becquerels)tbaative material on
a test sample. Test samples shall be taken frensehled source or
from the surfaces of the container in which théesesource is stored or
mounted on which one might expect contaminati@ctumulate. For a
sealed source contained in a device, test sam@exbtained when the
source is in the "off" position.

f.  The test for leakage for brachytherapy sources faatwred to contain
radium shall be capable of detecting an absolatiealge rate of 0.001
microcurie (37 becquerels) of radon-222 in a 24rtpmsiod when the
collection efficiency for radon-222 and its daughtehas been
determined with respect to collection method, vaiend time.

g. Tests for contamination from radium daughters sbaltaken on the
interior surface of brachytherapy source storageaioers and shall be
capable of detecting the presence of 0.005 micre¢li85 becquerels)
of a radium daughter which has a half-life gre#itan 4 days.

2. A licensee need not perform test for leakage ortamomation on the
following sealed sources:

a. sealed sources containing only radioactive mateitd a half-life of
less than 30 days;

b. sealed sources containing only radioactive matasal gas;

c. sealed sources containing 100 microcuries (3.7 besgpierels) or less
of beta or photon-emitting material or 10 microesri (370
kilobecquerels) or less of alpha-emitting material;

d. sealed sources containing only hydrogen-3;
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e. seeds of iridium-192 encased in nylon ribbon; and

f. sealed sources, except teletherapy and brachythsoapces, which are
stored, not being used and identified as in stordde licensee shall,
however, test each such sealed source for leakaggtamination and
receive the test results before any use or transtess it has been tested
for leakage or contamination within 6 months befiwedate of use or
transfer.

3. Tests for leakage or contamination from sealedcssshall be performed by
persons specifically authorized by the Agency, agre@ment State, a
Licensing State, or the U.S. Nuclear Regulatory @ssion to perform such
services.

4. Testresults shall be kept in units of microcuri®ecquerel and maintained
for inspection by the Agency.

5. The following shall be considered evidence thagalesl source is leaking:

a. The presence of 0.005 microcurie (185 becqueretsmore of
removable contamination on any test sample.

b. Leakage of 0.001 microcurie (37 becquerels) of ma2®2 per 24 hours
for brachytherapy sources manufactured to contadium.

c. The presence of removable contamination resultiogn the decay of
0.005 microcurie (185 becquerels) or more of radium

6. The licensee shall immediately withdraw a leakiegled source from use
and shall take action to prevent the spread ofatomation. The leaking
sealed source shall be repaired or disposed otiwrdance with this section.

7. Reports of test results for leaking or contaminatealed sources shall be
made pursuant to 400.59.

Surveys And Monitoring
400.17 General.
1. Each licensee or registrant shall make, or caube tonade, surveys that:

a. are necessary for the licensee or registrant tqpbowith Section 400;
and

b. are necessary under the circumstances to evaluate:
I. the magnitude and extent of radiation levels; and
ii. concentrations or quantities of radioactive mateaiad
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lii. the potential radiological hazards.

2. The licensee or registrant shall ensure that ingnis and equipment used
for quantitative radiation measurements, for exaynbse rate and effluent
monitoring, are calibrated at intervals not to edt&2 months unless a more
frequent interval is specified in another sectibthese regulations for the

radiation measured.

3. All personnel dosimeters, except for direct andireed reading pocket
ionization chambers and those dosimeters used &sune the dose to any
extremity, that require processing to determineddetion dose and that are
used by licensees and registrants to comply witB.08) with other
applicable provisions of these regulations, or withditions specified in a
license or registration shall be processed anduated by a dosimetry
processor:

a. holding current personnel dosimetry accreditatiaomf the National
Voluntary Laboratory Accreditation Program (NVLA®f)the National
Institute of Standards and Technology; and

b. approved in this accreditation process for the tgpeadiation or
radiations included in the NVLAP program that madbsely
approximates the type of radiation or radiatiomsifbich the individual
wearing the dosimeter is monitored.

4. The licensee or registrant shall ensure that adeguacautions are taken to
prevent a deceptive exposure of an individual nooimg device.

400.18 Conditions Requiring Individual Monitoring of Exteal and Internal Occupational
Dose.Each licensee or registrant shall monitor expastroen sources of radiation
at levels sufficient to demonstrate compliance wh#hoccupational dose limits of
this section. As a minimum:

1. Each licensee or registrant shall monitor occupafiexposure to radiation
and shall supply and require the use of individoahitoring devices by:

a. adults likely to receive, in 1 year from sourceteexal to the body, a
dose in excess of 10 percent of the limits in 46@) and

b. minors likely to receive, in 1 year from sourcesaiation external to
the body, a deep dose equivalent in excess ofedil(tmSv), a lens
dose equivalent in excess of 0.15 rem (1.5 mSvp shallow dose
equivalent to the skin or to the extremities inesscof 0.5 rem (5 mSv);

and
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c. declared pregnant women likely to receive durireggghtire pregnancy,
from sources of radiation external to the bodyeepddose equivalentin
excess of 0.1 rem (1 mSypand

d. individuals entering a high or very high radiatemea.

2. Each licensee shall monitor, to determine comp&anith 400.09, the
occupational intake of radioactive material by asdess the committed
effective dose equivalent to:

a. adults likely to receive, in 1 year, an intakexcess of 10 percent of the
applicable ALI in Table I, Columns 1 and 2, of Apdé B of this
section; and

b. minors likely to receive, in 1 year, a committefefive dose equivalent
in excess of 0.1 rem (1 mSv); and

c. declared pregnant women likely to receive, duriregdntire pregnancy,
a committed effective dose equivalent in excesd bfem (1 mSv).

Control Of Exposure From External Sources
In Restricted Areas

400.19 Control of Access to High Radiation Areas.

1. The licensee or registrant shall ensure that eaithrece or access point to a
high radiation area has one or more of the follgfeatures:

a. a control device that, upon entry into the areaisea the level of
radiation to be reduced below that level at whiohralividual might
receive a deep dose equivalent of 0.1 rem (1 neMest) in 1 hour at 30
centimeters from the source of radiation from anyfexe that the
radiation penetrates; or

b. a control device that energizes a conspicuousleisibaudible alarm
signal so that the individual entering the highiaiidn area and the
supervisor of the activity are made aware of theyeor

c. entryways that are locked, except during periodemwaccess to the
areas is required, with positive control over eiaclividual entry.

2. In place of the controls required by 400.19(1)ddrigh radiation area, the
licensee or registrant may substitute continuou®ctlior electronic
surveillance that is capable of preventing unautiedrentry.

“ All of the occupational doses in 100.06 continaebé applicable to the declared pregnant workdomg as the
embryo/fetus dose limit is not exceeded.
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3. Thelicensee or registrant may apply to the Agdéacgpproval of alternative
methods for controlling access to high radiaticzaar

4. The licensee or registrant shall establish therotstequired by 400.19(1)
and (3) in a way that does not prevent individdadsn leaving a high
radiation area.

5. Thelicensee is not required to control each entr@naccess point to a room
or other area that is a high radiation area sdieljause of the presence of
radioactive materials prepared for transport antckgged and labeled in
accordance with the regulations of the U.S. Depamtnof Transportation
provided that:

a. the packages do not remain in the area longer3haays; and

b. the dose rate at 1 meter from the external sudemy package does
not exceed 0.01 rem (0.1 millisievert) per hour.

6. The licensee is not required to control entrancacoess to rooms or other
areas in hospitals solely because of the preseh@at@nts containing
radioactive material, provided that there are pamsbin attendance who are
taking the necessary precautions to prevent thesexp of individuals to
radiation or radioactive material in excess of és&blished limits in this
section and to operate within the ALARA provisioos the licensee's
radiation protection program.

7. The registrant is not required to control entramcaccess to rooms or other
areas containing sources of radiation capableaduyiring a high radiation
area as described in 400.19 if the registrant has afl the specific
requirements for access and control specifiedheratpplicable sections of
these regulations, such as, Section 500 for indlisadiography, Section
600 for x-rays in the healing arts, Section 900darticle accelerators and
Section 1400 for therapeutic radiation machines.

400.20 Control of Access to Very High Radiation Areas.

1. In addition to the requirements in 400.19, therigee or registrant shall
institute measures to ensure that an individuadisble to gain unauthorized
or inadvertent access to areas in which radiagéweels could be encountered
at 500 rads (5 grays) or more in 1 hour at 1 nfeben a source of radiation
or any surface through which the radiation penestakhis requirement does
not apply to rooms or areas in which diagnostiaxsystems are the only
source of radiation, or to non-self-shielded ireadis.

2. The registrant is not required to control entramcaccess to rooms or other
areas containing sources of radiation capable oflyming a very high
radiation area as described in 400.20(1) if thesteant has met all the
specific requirements for access and control sgecih other applicable
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sections of these regulations, such as, Sectiofds@@dustrial radiography,
Section 600 for x-rays in the healing arts, Sect@00 for particle
accelerators and Section 1400 for therapeutic tiadianachines.

400.21 Control of Access to Very High Radiation Areas—dliggors.

1. 400.21 applies to licensees with sources of raataith non-self-shielded
irradiators. 400.21 does not apply to sources diateon that are used in
teletherapy, in industrial radiography, or in coseiply self-shielded
irradiators in which the source of radiation istbstored and operated within
the same shielding radiation barrier and, in tregieed configuration of the
irradiator, is always physically inaccessible ty amdividual and cannot
create high levels of radiation in an area thatisessible to any individual.

2. Each area in which there may exist radiation leweésccess of 5 grays (500
rads) in 1 hour at 1 meter from a source of raoiethat is used to irradiate
materials shall meet the following requirements:

a. Each entrance or access point shall be equippdd emtry control
devices which:

I. function automatically to prevent any individuabrin inadvertently
entering a very high radiation area; and

ii. permit deliberate entry into the area only afteroatrol device is
actuated that causes the radiation level withinalrea, from the
source of radiation, to be reduced below that athvit would be
possible for an individual to receive a deep dagevalent in excess
of 0.1 rem (1 millisievert) in 1 hour; and

iii. prevent operation of the source of radiation ifvituld produce
radiation levels in the area that could resultdeap dose equivalent
to an individual in excess of 0.1 rem (1 millisietyen 1 hour.

b. Additional control devices shall be provided sa tlhion failure of the
entry control devices to function as required b§.20(2)(a):

I. the radiation level within the area, from the seuot radiation, is
reduced below that at which it would be possibteafoindividual to
receive a deep dose equivalent in excess of 0. {Irenillisievert) in
1 hour; and

ii. conspicuous visible and audible alarm signals areated to make
an individual attempting to enter the area awarth@hazard and at
least one other authorized individual, who is pbaty present,
familiar with the activity, and prepared to rendar summon
assistance, aware of the failure of the entry cbutevices.
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c. The licensee shall provide control devices so tbpgn failure or
removal of physical radiation barriers other thha sealed source's
shielded storage container:

I. the radiation level from the source of radiationeduced below that
at which it would be possible for an individuarézeive a deep dose
equivalent in excess of 0.1 rem (1 millisievertLihour; and

ii. conspicuous visible and audible alarm signals areated to make
potentially affected individuals aware of the halzand the licensee
or at least one other individual, who is familiathwthe activity and
prepared to render or summon assistance, awargedatiure or
removal of the physical barrier.

d. When the shield for stored sealed sources is @litjoe licensee shall
provide means to monitor the integrity of the shiahd to signal,
automatically, loss of adequate shielding.

e. Physical radiation barriers that comprise permanstructural
components, such as walls, that have no credibleghility of failure or
removal in ordinary circumstances need not meetdfjairements of
400.21(2)(c) and (d).

f. Each area shall be equipped with devices that aiomatically
generate conspicuous visible and audible alarnalsigo alert personnel
in the area before the source of radiation carub&fo operation and in
time for any individual in the area to operateeadly identified control
device, which must be installed in the area anccwviban prevent the
source of radiation from being put into operation.

g. Each area shall be controlled by use of such adtnatiive procedures
and such devices as are necessary to ensure ¢hateth is cleared of
personnel prior to each use of the source of radiat

h. Each area shall be checked by a radiation measatdémensure that,
prior to the first individual's entry into the arafter any use of the
source of radiation, the radiation level from tharge of radiation in the
area is below that at which it would be possibledo individual to
receive a deep dose equivalent in excess of 0.1 Xemnillisievert) in 1
hour.

i.  The entry control devices required in 400.21(2¥ll be tested for
proper functioning. See 400.50 for recordkeepimgirements.

I. Testing shall be conducted prior to initial opemativith the source of
radiation on any day, unless operations were coatiuninterrupted
from the previous day.
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ii. Testing shall be conducted prior to resumption ération of the
source of radiation after any unintentional intgtion.

iii. The licensee shall submit and adhere to a schéaluperiodic tests
of the entry control and warning systems.

j.  The licensee shall not conduct operations, otleer those necessary to
place the source of radiation in safe conditioricoaffect repairs on
controls, unless control devices are functionirapperly.

k. Entry and exit portals that are used in transpgmmaterials to and from
the irradiation area, and that are not intendedderby individuals, shall
be controlled by such devices and administrativec@adures as are
necessary to physically protect and warn agairehiertent entry by
any individual through these portals. Exit porfatsrradiated materials
shall be equipped to detect and signal the presefcany loose
radioactive material that is carried toward suclxband automatically
to prevent loose radioactive material from beingied out of the area.

3. Licensees, or applicants for licenses for sourdesdiation within the
purview of 400.21(2) which will be used in a vayieaif positions or in
locations, such as open fields or forests, thatnitakpracticable to comply
with certain requirements of 400.21(2), such asehfor the automatic
control of radiation levels, may apply to the Aggrnfor approval of
alternative safety measures. Alternative safetyasuees shall provide
personnel protection at least equivalent to thpeeifed in 400.21(2). At
least one of the alternative measures shall inclmleentry-preventing
interlock control based on a measurement of thatiad that ensures the
absence of high radiation levels before an indiadan gain access to the
area where such sources of radiation are used.

4. The entry control devices required by 400.21(2) @ dhall be established
in such a way that no individual will be preventesim leaving the area.

Respiratory Protection And Controls To Restrict
Internal Exposure In Restricted Areas

400.22 Use of Process or Other Engineering Controlse licensee shall use, to the extent
practicable, process or other engineering contrelssch as, containment,
decontamination, or ventilation, to control the centrations of radioactive
material in air.

400.23 Use of Other Controls.

1. When it is not practicable to apply process or o#mgineering controls to
control the concentrations of radioactive matenalir to values below those
that define an airborne radioactivity area, therigee or registrant shall,
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consistent with maintaining the total effective elequivalent ALARA,
increase monitoring and limit intakes by one or emafrthe following means:

a.
b.
C.

d.

control of access; or
limitation of exposure times; or
use of respiratory protection equipment; or

other controls.

2. If the licensee performs an ALARA analysis to detee whether or not
respirators should be used, the licensee may carsadkety factors other than
radiological factors. The licensee should also imisthe impact of
respirator use on workers' industrial health aridtga

400.24 Use of Individual Respiratory Protection Equipment.

1. Ifthe licensee uses respiratory protection equigrteelimit intakes pursuant
to 400.23:

a.

Except as provided in 400.24(1)(b), the licenseallshse only
respiratory protection equipment that is tested eedified or had
certification extended by the National Institute @ccupational Safety
and Health.

If the licensee wishes to use equipment that hasheen tested or
certified by the National Institute for OccupatibBafety and Health, or
for which there is no schedule for testing or ¢iedtion, the licensee
shall submit an application for authorized use lwdttequipment,
including a demonstration by testing, or a dematisitn on the basis of
reliable test information, that the material and rf@enance

characteristics of the equipment are capable ofigireg the proposed
degree of protection under anticipated conditidnsse.

The licensee shall implement and maintain a respiraprotection
program that includes:

I. air sampling sufficient to identify the potentia4ard, permit proper
equipment selection, and estimate doses; and

ii. surveys and bioassays, as appropriate, to evaloatal intakes; and

iii. testing of respirators for operability (user sdaak for face sealing
devices and functional check for others) immedyapelor to each
use; and
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Iv. written procedures regarding selection, fittinguesnce, maintenance,
and testing of respirators, including testing foperability
immediately prior to each use; supervision anching of personnel;
monitoring, including air sampling and bioassayst eecordkeeping;
and

v. determination by a physician prior to initial fitj of respirators, and
either every 12 months thereafter, or periodicallya frequency
determined by a physician that the individual usenedically fit to
use the respiratory protection equipment.

vi. fit testing, with fit factor > 10 times the APF foegative pressure
devices, and a fit factor > 500 for any positivegaure, continuous
flow, and pressure-demand devices, before thefifglst use of tight
fitting, face-sealing respirators and periodicathereafter at a
frequency not to exceed 1 year. Fit testing mugtdréormed with
the facepiece operating in the negative pressugemo

d. The licensee shall issue a written policy stateno@ntespirator usage
covering:

I. the use of process or other engineering contraisiead of
respirators; and

ii. the routine, nonroutine, and emergency use of rasps; and
lii. the length of periods of respirator use and réiwh respirator use.

e. Thelicensee shall advise each respirator usetttbatser may leave the
area at any time for relief from respirator uséhie event of equipment
malfunction, physical or psychological distress,oqadural or
communication failure, significant deterioratioropierating conditions,
or any other conditions that might require sucfefel

f.  The licensee shall also consider limitations appabd@ to the type and
mode of use. When selecting respiratory deviceslidemsee shall
provide for vision correction, adequate communagtiow temperature
work environments, and the concurrent use of otbafety or
radiological protection equipment. The licensedlsis® equipment in
such away as not to interfere with the proper afpen of the respirator.

g. Standby rescue persons are required whenever ene-pi
atmosphere-supplying suits, or any combination oppsied air
respiratory protection device and personnel pratectquipment are
used from which an unaided individual would hav&alilty extricating
himself or herself. The standby persons must beippgd with
respiratory protection devices or other apparapwapriate for the
potential hazards. The standby rescue personsoisaifve or otherwise
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maintain continuous communication with the workgsisual, voice,
signal line, telephone, radio, or other suitableans, and be
immediately available to assist them in case aflarfe of the air supply
or for any other reason that requires relief frostrdss. A sufficient
number of standby rescue persons must be immegdiataiilable to
assist all users of this type of equipment and rovide effective
emergency rescue if needed.

h. Atmosphere-supplying respirators must be suppliddmnespirable air of
grade D quality or better as defined by the Congmé$sas Association
in publication G-7.1, "Commodity Specification féir,” 1997 and
included in the regulations of the OccupationaleBafand Health
Administration (29 CFR 1910.134(i)(1)(i))(A) throngE). Grade D
quality air criteria include:

i. Oxygen content (v/v) of 19.5-23.5%;

ii. Hydrocarbon (condensed) content of 5 milligramsgodiic meter of
air or less;

iii. Carbon monoxide (CO) content of 10 ppm or less;
iv. Carbon dioxide content of 1,000 ppm or less; and
v. Lack of noticeable odor.

i. Thelicensee shall ensure that no objects, maenaubstances, such as
facial hair, or any conditions that interfere wtie face-facepiece seal or
valve function, and that are under the controlhef tespirator wearer,
are present between the skin of the wearer's fadt¢he sealing surface
of a tight-fitting respirator facepiece.

2. In estimating the dose to individuals from intakeaoborne radioactive
materials, the concentration of radioactive makémnighe air that is inhaled
when respirators are worn is initially assumed te the ambient
concentration in air without respiratory protectidivided by the assigned
protection factor. If the dose is later found togoeater than the estimated
dose, the corrected value must be used. If the iddater found to be less
than the estimated dose, the corrected value magdxuk

400.25 Further Restrictions on the Use of Respiratoryéttidn EquipmentThe Agency
may impose restrictions in addition to the prounsioof 400.23, 400.24, and
Appendix A of this section in order to:

1. Ensure that the respiratory protection progranmnefiicensee is adequate to
limit doses to individuals from intakes of airborredioactive materials
consistent with maintaining total effective doseigglent ALARA; and
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Limit the extent to which a licensee may use redpiy protection
equipment instead of process or other engineeongals.

400.26 Application for Use of Higher Assigned Protectioackors.The licensee shall

obtain authorization from the Agency before assigniespiratory protection
factors in excess of those specified in AppendiafAhis section of this section.
The Agency may authorize a licensee to use higbsgmaed protection factors on
receipt of an application that:

1.

describes the situation for which a need existéiigier protection factors;
and

demonstrates that the respiratory protection eqeigprovides these higher
protection factors under the proposed conditionsset

Storage And Control Of Licensed Or Registered
Sources Of Radiation

400.27 Security of Stored Sources of Radiatiofhe licensee or registrant shall secure

from unauthorized removal or access licensed @tergd sources of radiation that
are stored in controlled or unrestricted areas.

400.28 Control of Sources of Radiation not in Storage.

1.

The licensee shall control and maintain constantesilance of licensed
radioactive material that is in a controlled orestricted area and that is not
in storage or in a patient.

The registrant shall maintain control of radiatioachines that are in a
controlled or unrestricted area and that are netarage.

Precautionary Procedures

400.29 Caution Signs.

1.

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPF

Standard Radiation Symbol. Unless otherwise aizébdby the Agency, the
symbol prescribed by 400.29 shall use the coloigemia, or purple, or black
on yellow background. The symbol prescribed igtinee-bladed design as
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2. Exception to Color Requirements for Standard RamhatSymbol.
Notwithstanding the requirements of 400.29(1),rs®es or restraints are
authorized to label sources, source holders, dcd@omponents containing
sources of radiation that are subjected to high peatures, with
conspicuously etched or stamped radiation cautyombsls and without a
color requirement.

3. Additional Information on Signs and Labels. In gideh to the contents of
signs and labels prescribed in this section, thenkee or registrant shall
provide, on or near the required signs and lalelditional information, as
appropriate, to make individuals aware of potemtidiation exposures and
to minimize the exposures.

400.30 Posting Requirements.

1. Posting of Radiation Areas. The licensee or reaustshall post each
radiation area with a conspicuous sign or signsilhg#he radiation symbol
and the words "CAUTION, RADIATION AREA."

2. Posting of High Radiation Areas. The licenseeegistrant shall post each
high radiation area with a conspicuous sign orsigearing the radiation
symbol and the words "CAUTION, HIGH RADIATION AREA'tr
"DANGER, HIGH RADIATION AREA."

3. Posting of Very High Radiation Areas. The licenseeegistrant shall post
each very high radiation area with a conspicuogs er signs bearing the
radiation symbol and words "GRAVE DANGER, VERY HIGH
RADIATION AREA."

a. the sources of radiation are constantly attendedglithese periods by
an individual who takes the precautions necessaryprévent the
exposure of individuals to sources of radiatiorexcess of the limits
established in this section; and

b. the area or room is subject to the licensee'sgstrant's control.

4. Rooms or other areas in hospitals that are occuppyegatients are not
required to be posted with caution signs pursua#00.30 provided that the
patient could be released from licensee contradymmt to 700.59 of these
regulations.

5. Aroom or areais not required to be posted withwtion sign because of the
presence of a sealed source provided the radibh@h at 30 centimeters
from the surface of the sealed source containboasing does not exceed
0.005 rem (0.05 millisievert) per hour.
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A room or area is not required to be posted witAwtion sign because of the
presence of radiation machines used solely fomdisig in the healing arts.

400.31 Labeling Containers and Radiation Machines.

1.

The licensee shall ensure that each containercehdied material bears a
durable, clearly visible label bearing the radiat&ymbol and the words
"CAUTION, RADIOACTIVE MATERIAL" or "DANGER,
RADIOACTIVE MATERIAL." The label shall also providenformation,
such as the radionuclides present, an estimale efuantity of radioactivity,
the date for which the activity is estimated, rédia levels, kinds of
materials, and mass enrichment, to permit indiMglbiandling or using the
containers, or working in the vicinity of the coimars, to take precautions to
avoid or minimize exposures.

Each licensee shall, prior to removal or dispo$ampty uncontaminated
containers to unrestricted areas, remove or defeceadioactive material
label or otherwise clearly indicate that the camaino longer contains
radioactive materials.

Each registrant shall ensure that each radiatiochma is labeled in a
conspicuous manner which cautions individuals thdtation is produced
when it is energized.

400.32 Exemptions to Labeling Requirementa.licensee is not required to label:

1.

containers holding licensed material in quantitess than the quantities
listed in Appendix C of this section ; or

containers holding licensed material in concerdreti less than those
specified in Table 11l of Appendix B of this seatioor

containers attended by an individual who takegtleeautions necessary to
prevent the exposure of individuals in excess efithits established by this
section; or

containers when they are in transport and packaggthbeled in accordance
with the regulations of the U.S. Department of Bgortatiori; or

containers that are accessible only to individaalhorized to handle or use
them, or to work in the vicinity of the containeifghe contents are identified
to these individuals by a readily available writtestord. Examples of

containers of this type are containers in locatsuth as water-filled canals,

® Labeling of packages containing radioactive mateis required by the U. S. Department of Transion if the
amount and type of radioactive material exceedlithiégs for an excepted quantity or article as defirby U. S.
Department of Transportation Regulations CFR173#)3CFR173.403 (w), and 173.421-424.
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storage vaults, or hot cells. The record shall étaimed as long as the
containers are in use for the purpose indicatetthemecord; or

6. installed manufacturing or process equipment, sischiping and tanks.

400.33 Procedures for Receiving and Opening Packages.

1. Each licensee who expects to receive a packagainomg quantities of
radioactive material in excess of a Type A quanagydefined in 1300.02
and Appendix A ofSection 1300, shall make arrangements to receive:

a. the package when the carrier offers it for deliveny

b. the notification of the arrival of the packagels tarrier's terminal and
to take possession of the package expeditiously.

2. Each licensee shall:

a. monitor the external surfaces of a labéledckage for radioactive
contamination unless the package contains onlpaative material in
the form of gas or in special form as defined@9.02; and

b. monitor the external surfaces of a labélgdckage for radiation levels
unless the package contains quantities of radiaataterial that are
less than or equal to the Type A quantity, as @effim 1300.02 and
Appendix A of Section 1300; and

c. monitor all packages known to contain radioactivataral for
radioactive contamination and radiation levelshédre is evidence of
degradation of package integrity, such as packigeare crushed, wet,
or damaged.

3. The licensee shall perform the monitoring requivgd00.33(2) as soon as
practicable after receipt of the package, but atgrithan 3 hours after the
package is received at the licensee's facility isireceived during the
licensee's normal working hours, or not later tB&ours from the beginning
of the next working day if it is received after Worg hours.

4. The licensee shall immediately notify the final idety carrier and the
Agency by telephone or facsimile, when:

a. removable radioactive surface contamination excdhdslimits of
1300.15(9); or

b. external radiation levels exceed the limits ©800.15(10) and
1300.15(11).

® Labeled with a Radioactive White I, Yellow 11, gellow 1l label as specified in U. S. Departmeffloansportation
Regulations CFR 172.403 and 172.436.440
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5. Each licensee shall:

a.

establish, maintain, and retain written proceddogssafely opening
packages in which radioactive material is receiaut

ensure that the procedures are followed and thatcdasideration is
given to special instructions for the type of pagkéeing opened.

6. Licensees transferring special form sources incleiowned or operated by
the licensee to and from a work site are exemphftbe contamination
monitoring requirements of 400.33(2), but are naenept from the
monitoring requirement in 400.33(2) for measuriagliation levels that
ensures that the source is still properly lodgeitsishield.

Waste Disposal

400.34 General Requirements.

1. Alicensee shall dispose of licensed material only:

a.

b.
C.

d.

by transfer to an authorized recipient as providetD0.39 or in Section
300 or 1100, or to the U.S. Department of Energy; o

by decay in storage; or
by release in effluents within the limits in 400, b4

as authorized pursuant to 400.35, 400.36, 400:340@.38.

2. A person shall be specifically licensed to receiaste containing licensed
material from other persons for:

a.

b.

treatment prior to disposal; or
treatment or disposal by incineration; or
decay in storage; or

disposal at a land disposal facility licensed parguo these regulations;
or

storage until transferred to a storage or dispfagality authorized to
receive the waste.

400.35 Method for Obtaining Approval of Proposed Dispd3amicedures.A licensee or

applicant for a license may apply to the Agency &mproval of proposed
procedures, not otherwise authorized in these atiguk, to dispose of licensed
material generated in the licensee's operationsh Bpplication shall include:
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1. a description of the waste containing licensed natéo be disposed of,
including the physical and chemical properties tiate an impact on risk
evaluation, and the proposed manner and conditibnsste disposal; and

2. an analysis and evaluation of pertinent informationthe nature of the
environment; and

3. the nature and location of other potentially aelctacilities; and

4. analyses and procedures to ensure that doses ar@imzd ALARA and
within the dose limits in this section.

400.36 Disposal by Release into Sanitary Sewerage.

1. Alicensee may discharge licensed material inta@gnsewerage if each of
the following conditions is satisfied:

a. the material is readily soluble, or is readily dispble biological
material, in water; and

b. the quantity of licensed radioactive material ttiet licensee releases
into the sewer in 1 month divided by the averagatimy volume of
water released into the sewer by the licensee doesxceed the
concentration listed in Table IIl of Appendix B this section; and

c. if more than one radionuclide is released, th@Wailhg conditions must
also be satisfied:

I. the licensee shall determine the fraction of thatlin Table III of
Appendix B of this section represented by dischaugt sanitary
sewerage by dividing the actual monthly averagecentration of
each radionuclide released by the licensee intoséveer by the
concentration of that radionuclide listed in Tablef Appendix B of
this section; and

ii. the sum of the fractions for each radionuclide nexgl by
400.36(1)(c)(i) does not exceed unity; and

d. the total quantity of licensed radioactive matetizt the licensee
releases into the sanitary sewerage in a year miatesxceed 5 curies
(185 gigabecquerels) of hydrogen-3, 1 curie (37algggquerels) of
carbon-14, and 1 curie (37 gigabecquerels) of #ilkoradioactive
materials combined.

2. Excreta from individuals undergoing medical diageaas therapy with
radioactive material are not subject to the linias contained in 400.36(1).
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400.37 Treatment or Disposal by IncineratioA.licensee may treat or dispose of licensed
material by incineration only in the amounts andr® specified in 400.38 or as
specifically approved by the Agency pursuant t0.350

400.38 Disposal of Specific Wastes.

1. Alicensee may dispose of the following licensedemnal as if it were not
radioactive:

a. 0.05 microcurie (1.85 kilobecquerels) or less,yafrogen-3 or carbon-
14 per gram of medium used for liquid scintillatioounting; and

b. 0.05 microcurie (1.85 kilobecquerels) or less,yafrlogen-3 or carbon-
14 per gram of animal tissue, averaged over thghweif the entire
animal.

2. Alicensee shall not dispose of tissue pursuadtim38(1)(b) in a manner
that would permit its use either as food for humanas animal feed.

3. The licensee shall maintain records in accordantde400.49.

400.39 Transfer for Disposal and Manifests.

1. Therequirements of 400.39 and Appendix D of thidien are designed to:

a. Control transfers of low-level radioactive wastedny waste generator,
waste collector, or waste processor licensee, fasediein this section,
who ships low-level waste either directly, or irsbtly through a waste
collector or waste processor, to a licensed lovellaxaste land disposal
facility (as defined in Appendix D of this section)

b. Establish a manifest tracking system; and

c. Supplement existing requirements concerning trassfeand
recordkeeping for those wastes.

2. Any licensee shipping radioactive waste intendediftmate disposal at a
licensed land disposal facility must document tiferimation required on
NRC(s Uniform Low-Level Radioactive Waste Manifesid transfer this
recorded manifest information to the intended agmese in accordance with
Appendix D of this section.

3. Each shipment manifest shall include a certificabg the waste generator as
specified in Section Il of Appendix D of this sexti

4. Each person involved in the transfer for disposal disposal of waste,
including the waste generator, waste collectortepsocessor, and disposal
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facility operator, shall comply with the requireniespecified in Section Il
of Appendix D of this section.

400.40 Compliance with Environmental and Health Protectagulations. Nothing in
Section 400 relieves the licensee from complyirity wther applicable Federal,
State and local regulations governing any otheictox hazardous properties of
materials that may be disposed of under these atgns.

Records

400.41 General Provisions.

1. Each licensee or registrant shall use the speai# curie, rad, rem and
roentgen, or the Sl units becquerel, gray, siemeatcoulomb per kilogram,
including multiples and subdivisions, and shaladigindicate the units of all
guantities on records required by this section.

2. Inthe records required by this section, the lieenway record quantities in
Sl units in parentheses following each of the usfiscified in 400.41(1).
However, all quantities must be recorded as siatd@0.41(1).

3. Not withstanding the requirements of 400.41(1) wiemording information
on shipment manifests, as required in 400.39(Zprimation must be
recorded in the International System of Units (&1)in SI and units as
specified in 400.41(1).The licensee or registrhati snake a clear distinction
among the quantities entered on the records redjbiréhis section, such as,
total effective dose equivalent, total organ dogeivalent, shallow dose
equivalent, lens dose equivalent, deep dose e@umtjabr committed
effective dose equivalent.

400.42 Records of Radiation Protection Programs.

1. Each licensee or registrant shall maintain recofdise radiation protection
program, including:

a. the provisions of the program; and
b. audits and other reviews of program content andampntation.

c. The licensee or registrant shall retain the recoreguired by
400.42(1)(a) until the Agency terminates each peni license or
registration requiring the record. The licenseeegistrant shall retain
the records required by 400.42(1)(b) for 3 yeaes dlfie record is made.

400.43 Records of Surveys.
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1. Each licensee or registrant shall maintain recstusying the results of
surveys and calibrations required by 400.17 and383R). The licensee or
registrant shall retain these records for 3 yefies the record is made.

2. The licensee or registrant shall retain each ofahewing records until the
Agency terminates each pertinent license or reggistr requiring the record:

a. records of the results of surveys to determineditee from external
sources of radiation used, in the absence of @ombination with
individual monitoring data, in the assessment dfividual dose
equivalents; and

b. records of the results of measurements and caloodatused to
determine individual intakes of radioactive mateand used in the
assessment of internal dose; and

c. records showing the results of air sampling, susyeynd bioassays
required pursuant to 400.24(1)(c)(i) and 400.24)1)}; and

d. records of the results of measurements and calentatised to evaluate
the release of radioactive effluents to the envinent.

400.44 Records of Tests for Leakage or Contamination afeésESourcesRecords of tests
for leakage or contamination of sealed sourcesimedjby 400.16 shall be kept in
units of microcurie or becquerel and maintainedrispection by the Agency for 5
years after the records are made.

400.45 Records of Prior Occupational Dos&he licensee or registrant shall retain the
records of prior occupational dose and exposuteryigs specified in 400.10 on
Agency Form RH-4 or equivalent until the Agencynterates each pertinent
license or registration requiring this record. Tibensee or registrant shall retain
records used in preparing Agency Form RH-4 or exjaivt for 3 years after the
record is made.

400.46 Records of Planned Special Exposures.

1. For each use of the provisions of 400.11 for pldrspecial exposures, the
licensee or registrant shall maintain records describe:

a. the exceptional circumstances requiring the usa planned special
exposure; and

b. the name of the management official who authorikegblanned special
exposure and a copy of the signed authorizatioth; an

c. Wwhat actions were necessary; and

d. why the actions were necessary; and
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e. what precautions were taken to assure that doses maintained
ALARA; and

f. what individual and collective doses were expettesult; and
g. the doses actually received in the planned speg@bsure.

2. Thelicensee or registrant shall retain the reconti$the Agency terminates
each pertinent license or registration requiriresthrecords.

400.47 Records of Individual Monitoring Results.

1. Recordkeeping Requirement. Each licensee or ragisshall maintain
records of doses received by all individuals forowhmonitoring was
required pursuant to 400.18, and records of dasm=svwed during planned
special exposures, accidents, and emergency comslitiAssessments of
dose equivalent and records made using units @tteliiefore the effective
date of this section need not be changed. Thesed®shall include, when
applicable:

a. the deep dose equivalent to the whole body, lerse aémuivalent,
shallow dose equivalent to the skin, and shallosedeguivalent to the
extremities; and

b. the estimated intake of radionuclides, see 40&Ad;

c. the committed effective dose equivalent assignedhto intake of
radionuclides; and

d. the specific information used to calculate the cattem effective dose
equivalent pursuant to 400.09(1) and (3); and

e. the total effective dose equivalent when requirngd®0.07; and

f. the total of the deep dose equivalent and the ctteuhdose to the organ
receiving the highest total dose.

2. Recordkeeping Frequency. The licensee or regisstaaill make entries of
the records specified in 400.47(1) at intervalstoaxceed 1 year.

3. Recordkeeping Format. The licensee or registtaait saintain the records
specified in 400.47(1) on Agency Form RH-6, in ademce with the
instructions for Agency Form RH-6, or in clear atefjible records
containing all the information required by Agenayrfi RH-6.

4. The licensee or registrant shall maintain the @€ of dose equivalent to an
embryo/fetus with the records of dose equivalertheodeclared pregnant
woman. The declaration of pregnancy, including ésémated date of
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conception, shall also be kept on file, but mayiaéntained separately from
the dose records.

The licensee or registrant shall retain each reguiorm or record until the
Agency terminates each pertinent license or reggistr requiring the record.

400.48 Records of Dose to Individual Members of the Public

1.

Each licensee or registrant shall maintain receudcient to demonstrate
compliance with the dose limit for individual membef the public. See
400.14.

The licensee or registrant shall retain the recordaired by 400.48(1) until
the Agency terminates each pertinent license astratjon requiring the
record.

400.49 Records of Waste Disposal.

1.

Each licensee shall maintain records of the didpafsbcensed materials
made pursuant to 400.35, 400.36, 400.37, 400.38084.100, and disposal
by burial in soil, including burials authorized beg May 9, 1986

The licensee shall retain the records requiredd@y49(1) until the Agency
terminates each pertinent license requiring therdec

400.50 Records of Testing Entry Control Devices for VerngltRadiation Areas.

1.

Each licensee or registrant shall maintain recofdsests made pursuant to
400.21(2)(i) on entry control devices for very higttliation areas. These
records must include the date, time, and resuksiolf such test of function.

The licensee or registrant shall retain the recaedsired by 400.50(1) for 3
years after the record is made.

400.51 Form of RecordsEach record required by this section shall bileghroughout

the specified retention period. The record shathleeoriginal or a reproduced copy
or a microform, provided that the copy or microfdsnauthenticated by authorized
personnel and that the microform is capable of pcod) a clear copy throughout

the required retention period or the record mag bksstored in electronic media
with the capability for producing legible, accuraad complete records during the
required retention period. Records, such as lettgesvings, and specifications,

shall include all pertinent information, such asps, initials, and signatures. The
licensee or registrant shall maintain adequategsafels against tampering with and
loss of records.

Reports

’ A previous subparagraph permitted burial of sipadintities of licensed materials in soil before MBy1986, without
specific Agency authorization.
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400.52 Reports of Stolen, Lost, or Missing Licensed or iBeged Sources of Radiation.

1. Telephone Reports. Each licensee or registrafitrepart to the Agency by
telephone as follows:

a. immediately after its occurrence becomes knowhéeditensee, stolen,
lost, or missing licensed radioactive material inaggregate quantity
equal to or greater than 1,000 times the quargegified in Appendix C
of this section under such circumstances thatpeags to the licensee
that an exposure could result to individuals ineginicted areas; or

b. within 30 days after its occurrence becomes knanthe licensee, lost,
stolen, or missing licensed radioactive materianraggregate quantity
greater than 10 times the quantity specified inéxgjix C of this section
that is still missing; or

c. immediately after its occurrence becomes knowrh®registrant, a
stolen, lost, or missing radiation machine.

2.  Written Reports. Each licensee or registrant meguito make a report
pursuant to 400.52(1) shall, within 30 days aftakimg the telephone report,
make a written report to the Agency setting fonid following information:

a. adescription of the licensed or registered soafeadiation involved,
including, for radioactive material, the kind, qtign and chemical and
physical form; and, for radiation machines, the ufiacturer, model and
serial number, type and maximum energy of radiagioitted;

b. adescription of the circumstances under whiclogeor theft occurred;
and

c. a statement of disposition, or probable dispositafrthe licensed or
registered source of radiation involved; and

d. exposures of individuals to radiation, circumstanaader which the
exposures occurred, and the possible total efiectose equivalent to
persons in unrestricted areas; and

e. actions that have been taken, or will be takemetover the source of
radiation; and

f. procedures or measures that have been, or wikhd@pted to ensure
against a recurrence of the loss or theft of liedn® registered sources
of radiation.

3. Subsequent to filing the written report, the licem®r registrant shall also
report additional substantive information on theslor theft within 30 days
after the licensee or registrant learns of sucbrmétion.
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4. The licensee or registrant shall prepare any refded with the Agency
pursuant to 400.52 so that names of individuals wiay have received
exposure to radiation are stated in a separateletathable portion of the
report.

400.53 Natification of Incidents.

1. Immediate Notification. Notwithstanding other regments for notification,
each licensee or registrant shall immediately repach event involving a
source of radiation possessed by the licenseegstrant that may have
caused or threatens to cause any of the followamglitions:

a. Anindividual to receive:
I. atotal effective dose equivalent of 25 rems (@i2gert) or more; or
ii. alens dose equivalent of 75 rems (0.75 sievem)are; or

iii. a shallow dose equivalent to the skin or extremitiea total organ
dose equivalent of 250 rads (2.5 grays) or more; or

b. The release of radioactive material, inside oridaetsf a restricted area,
so that, had an individual been present for 24$ydbe individual could
have received an intake five times the occupatidhal This provision
does not apply to locations where personnel areaownhally stationed
during routine operations, such as hot-cells ocg@se enclosures.

2. Twenty-Four Hour Notification. Each licensee gyistrant shall, within 24
hours of discovery of the event, report to the Ageeach event involving
loss of control of a licensed or registered soofeadiation possessed by the
licensee or registrant that may have caused, eatléns to cause, any of the
following conditions:

a. Anindividual to receive, in a period of 24 hours:
I. atotal effective dose equivalent exceeding 5 rh@b sievert); or
ii. alens dose equivalent exceeding 15 rems (0.YBrsjgor

ilii. a shallow dose equivalent to the skin or extremitiea total organ
dose equivalent exceeding 50 rems (0.5 sievert) ; 0

b. The release of radioactive material, inside oridetsf a restricted area,
so that, had an individual been present for 24$ydbe individual could
have received an intake in excess of one occumtidhl. This
provision does not apply to locations where persbare not normally
stationed during routine operations, such as hidd-c& process
enclosures.
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3. The licensee or registrant shall prepare each trdiea with the Agency
pursuant to 400.53 so that names of individuals adwe@ received exposure
to sources of radiation are stated in a separatel@mmchable portion of the
report.

4. Licensees or registrants shall make the reportsned|by 400.53(1) and (2)
to the Agency by telephone, or facsimile to the Age

5. The provisions of 400.53 do not apply to doses thatlt from planned
special exposures, provided such doses are witi@rlimits for planned
special exposures and are reported pursuant t6%.00.

400.54 Reports of Exposures, Radiation Levels, and Conaeohs of Radioactive
Material Exceeding the Constraints or Limits.

1. Reportable Events. In addition to the notificatrequired by 400.53, each
licensee or registrant shall submit a written répaithin 30 days after
learning of any of the following occurrences:

a. incidents for which notification is required by 488; or
b. doses in excess of any of the following:
I. the occupational dose limits for adults in 400.606;
ii. the occupational dose limits for a minor in 400.42;

iii. the limits for an embryo/fetus of a declared pregnaoman in
400.13; or

iv. the limits for an individual member of the publirc400.14; or
v. any applicable limit in the license or registration

vi.the ALARA constraints for air emissions establishadder
400.05(4); or

c. levels of radiation or concentrations of radioastmaterial in:

I. a restricted area in excess of applicable limitg¢hia license or
registration; or

ii. anunrestricted area in excess of 10 times thecatye limit set forth
in this section or in the license or registratiovhether or not
involving exposure of any individual in excessha timits in 400.14,
or

d. Forlicensees subject to the provisions of U.S.i&mmental Protection
Agency's generally applicable environmental radrastandards in 40
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CFR 190, levels of radiation or releases of radivaegnaterial in excess
of those standards, or of license conditions rdlatghose standards.

2. Contents of Reports.

a. [Each report required by 400.54(1) shall descrilbestttent of exposure
of individuals to radiation and radioactive matkrismcluding, as
appropriate:

i. estimates of each individual's dose; and

ii. the levels of radiation and concentrations of radiwe material
involved; and

iii. the cause of the elevated exposures, dose rates)a@ntrations; and

iv. corrective steps taken or planned to ensure agaimsturrence,
including the schedule for achieving conformancehvaipplicable
limits, ALARA constraints, generally applicable @mnmental
standards, and associated license or registradioditoons.

b. Each report filed pursuant to 400.54(1) shall idelufor each
occupationally overexposed individual: the nameci@oSecurity
account number, and date of birth. With respedh#limit for the
embryo/fetus in 400.13, the identifiers should these of the declared
pregnant woman. The report shall be preparedatdhis information is
stated in a separate and detachable portion otthat.

3. All licensees or registrants who make reports pamstio 400.54(1) shall
submit the report in writing to the Agency.

400.55 Reports of Planned Special Exposur@$e licensee or registrant shall submit a
written report to the Agency within 30 days folleygiany planned special exposure
conducted in accordance with 400.11, informingAency that a planned special
exposure was conducted and indicating the datepldmened special exposure
occurred and the information required by 400.46.

400.56 Reports to Individuals of Exceeding Dose Limitd/hen a licensee is required,
pursuant to the provisions of 400.54 or 400.55report to the Agency any
exposure of an identified occupationally exposedividual, or an identified
member of the public, to radiation or radioactivatemial, the licensee shall also
provide a copy of the report submitted to the Agetodhe individual. This report
must be transmitted at a time no later than thestrattal to the Agency.

400.57 Notifications and Reports to Individuals.

1. Requirements for notification and reports to induals of exposure to
radiation or radioactive material are specifietid00.04 of these regulations.

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
Division of Radiological Health



43

2. When a licensee or registrant is required purstee#00.54 to report to the
Agency any exposure of an individual to radiatioredlioactive material, the
licensee or registrant shall also notify the indial. Such notice shall be
transmitted at a time not later than the transihtistahe Agency, and shall
comply with the provisions of 1000.04(1).

400.58 Reports of Transactions Involving Nationally Tragiources Each licensee who

manufactures, transfers, receives, disassembldspwses of a nationally tracked
source shall complete and submit a National SoLnaeking Transaction Report as
specified in 400.58(1) through (5) of this sectioneach type of transaction.

1. Each licensee who manufactures a nationally tichekerce shall complete
and submit a National Source Tracking Transactiepd®. The report must
include the following information:

a.

b.

f.

The name, address, and license number of the negdidensee;
The name of the individual preparing the report;

The manufacturer, model, and serial number of thece;

The radioactive material in the source;

The initial source strength in becquerels (curias)the time of
manufacture; and

The manufacture date of the source.

2. Each licensee that transfers a nationally trackedce to another person
shall complete and submit a National Source TrarKiransaction Report.
The report must include the following information:

a. The name, address, and license number of the negdidensee;

b. The name of the individual preparing the report;

c. The name and license number of the recipient fa@hd the shipping
address;

d. The manufacturer, model, and serial number of thece or, if not
available, other information to uniquely identifyetsource;

e. The radioactive material in the source;

f.  The initial or current source strength in becquse(elries);

g. The date for which the source strength is reported,

h. The shipping date;

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection

Division of Radiological Health



44

i. The estimated arrival date; and

j.  For nationally tracked sources transferred as wasster a Uniform
Low-Level Radioactive Waste Manifest, the wasteifieahnumber and
the container identification of the container witle nationally tracked
source.

3. Each licensee that receives a nationally trackedcgoshall complete and
submit a National Source Tracking Transaction Repdre report must
include the following information:

a. The name, address, and license number of the negdidensee;
b. The name of the individual preparing the report;

c. The name, address, and license number of the ptrabprovided the
source;

d. The manufacturer, model, and serial number of thecg or, if not
available, other information to uniquely identifyetsource;

e. The radioactive material in the source;

f.  The initial or current source strength in becque(elries);
g. The date for which the source strength is reported,

h. The date of receipt; and

i. For material received under a Uniform Low-Level Radtive Waste
Manifest, the waste manifest number and the comtadentification
with the nationally tracked source.

4. Each licensee that disassembles a nationally tdas&erce shall complete
and submit a National Source Tracking Transactiepd®. The report must
include the following information:

a. The name, address, and license number of the negdidensee;
b. The name of the individual preparing the report;

c. The manufacturer, model, and serial number of thece or, if not
available, other information to uniquely identifyetsource;

d. The radioactive material in the source;
e. The initial or current source strength in becquge(etries);

f.  The date for which the source strength is reported;
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g. The disassemble date of the source.

5. Eachlicensee who disposes of a nationally traskedce shall complete and
submit a National Source Tracking Transaction Repdre report must
include the following information:

a. The name, address, and license number of the negdidensee;
b. The name of the individual preparing the report;

c. The waste manifest number;

d. The container identification with the nationallg¢ked source;
e. The date of disposal; and

f.  The method of disposal.

6. The reports discussed in 400.58(1) through (5)hed section must be
submitted by the close of the next business day Hfe transaction. A single
report may be submitted for multiple sources anddactions. The reports
must be submitted to the National Source Trackiysgjedn by using:

a. The on-line National Source Tracking System;
b. Electronically using a computer-readable format;
c. By facsimile;

d. By mail to the address on the National Source TiracKransaction
Report Form (NRC Form 748); or

e. By telephone with followup by facsimile or mail.

7. Each licensee shall correct any error in previofikg reports or file a new
report for any missed transaction within 5 busirdesgs of the discovery of
the error or missed transaction. Such errors malebected by a variety of
methods such as administrative reviews or by physiwentories required
by regulation. In addition, each licensee shalbrede the inventory of
nationally tracked sources possessed by the lieemgainst that licensee’s
data in the National Source Tracking System. Tloemeiliation must be
conducted during the month of January in each yEae. reconciliation
process must include resolving any discrepanci¢éwdass the National
Source Tracking System and the actual inventoryfiloyg the reports
identified by 400.58(1) through (5) of this secti®y January 31 of each
year, each licensee must submit to the Nationalc®oliracking System
confirmation that the data in the National Sourcacking System is correct.
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8. Each licensee that possesses Category 1 natidnatlyed sources shall
report its initial inventory of Category 1 natiolyatracked sources to the
National Source Tracking System by January 31, 2B@8h licensee that
possesses Category 2 nationally tracked sourcdk rejpart its initial
inventory of Category 2 nationally tracked sourttethe National Source
Tracking System by January 31, 2009. The infornmatiay be submitted by
using any of the methods identified by 400.58(6)@dugh (6)(d) of this
section. The initial inventory report must inclutie following information:

a. The name, address, and license number of the negdidensee;
b. The name of the individual preparing the report;

c. The manufacturer, model, and serial number of eationally tracked
source or, if not available, other information toiquely identify the
source;

d. The radioactive material in the sealed source;
e. The initial or current source strength in becque(elries); and
f.  The date for which the source strength is reported.

400.59 Reports of Leaking or Contaminated Sealed Sourdéds licensee shall file a
report within 5 days with the Agency if the test feakage or contamination
required pursuant to 400.16 indicates a sealedsasiieaking or contaminated.
The report shall include the equipment involved, tést results and the corrective
action taken.

Additional Requirements

400.60 Vacating PremisesEach licensee or registrant shall, no less tliadays before
vacating or relinquishing possession or contrgdreinises which may have been
contaminated with radioactive material as a reetilhis activities, notify the
Agency in writing of intent to vacate. When deemedessary by the Agency, the
licensee shall decontaminate the premises in sunhrmer as the Agency may
specify.

Radiological Criteria For License Termination

400.61 General Provisions and Scope.

1. The criteriain this section apply to the decomrorgsg of facilities licensed
under Section 300 of these regulations.

2. After a site has been decommissioned and the kceasminated in
accordance with the criteria in this section, tigedcy will require additional
cleanup only if, based on new information, it detieres that the criteria of
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this section were not met and residual radioagtikeimaining at the site
could result in significant threat to public headiid safety.

3. When calculating TEDE to the average member ofctitecal group the
licensee shall determine the peak annual TEDE eijsected within the first
1000 years after decommissioning.

400.62 Radiological Criteria for Unrestricted UsA.site will be considered acceptable for
unrestricted use if the residual radioactivity iealistinguishable from background
radiation results in a TEDE to an average memb#reo€ritical group that does not
exceed 25 mrem (0.25 mSv) per year, includingftoat groundwater sources of
drinking water, and the residual radioactivity baen reduced to levels that are as
low as reasonably achievable (ALARA). Determinatadrthe levels which are
ALARA must take into account consideration of amgroments, such as deaths
from transportation accidents, expected to potiytiasult from decontamination
and waste disposal.

400.63 Criteria for License Termination Under Restrictedn@itions. A site will be
considered acceptable for license termination urericted conditions if:

1. Thelicensee can demonstrate that further reductioresidual radioactivity
necessary to comply with the provisions of 400.62 M result in net public
or environmental harm or were not being made becthesresidual levels
associated with restricted conditions are ALARAtdDmination of the levels
which are ALARA must take into account considenatxd any detriments,
such as traffic accidents, expected to potentiakult from decontamination
and waste disposal,

2. The licensee has made provisions for legally emfalote institutional
controls that provide reasonable assurance thafTEi2E from residual
radioactivity distinguishable from background te Hverage member of the
critical group will not exceed 25 mrem (0.25 mSey) pear;

3. The licensee has provided sufficient financial smsce to enable an
independent third party, including a governmentadtadian of a site, to
assume and carry out responsibilities for any resrgscontrol and
maintenance of the site. Acceptable financial asste mechanisms are:

a. funds placed into an account segregated from temdee's assets and
outside licensee's administrative control as dbesedrin 300.09.7 .1.i;

b. surety method, insurance, or other guarantee medbadkescribed in
300.09(7)(f)(ii);

c. a statement of intent in the case of Federal, Statecal Government
licensees, as described in 300.09(7)(f)(iv); or
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d. when a governmental entity is assuming custodyamership of a site,
an arrangement that is deemed acceptable by svehrgoental entity.

4. The licensee has submitted a decommissioning plaitense Termination
Plan (LTP) to the Agency indicating the licens@gsnt to decommission in
accordance with 300.16(4), and specifying that libensee intends to
decommission by restricting use of the site. Therisee shall document in
the LTP or decommissioning plan how the advice rafividuals and
institutions in the community who may be affectgdte decommissioning
has been sought and incorporated, as approprditeying analysis of that
advice.

a. Licensees proposing to decommission by restriatsegof the site shall
seek advice from such affected parties regardiaddiowing matters
concerning the proposed decommissioning:

I. whether provisions for institutional controls prepd by the licensee;

I. will provide reasonable assurance that the TED# fro
residual  radioactivity  distinguishable  from
background to the average member of the critical
group will not exceed 25 mrem (0.25 mSv) TEDE per
year,

ii. will be enforceable; and

iii. will not impose undue burdens on the local
community or other affected parties.

ii. whether the licensee has provided sufficient fimaressurance to
enable an independent third party, including a gawental
custodian of a site, to assume and carry out ressipidities for any
necessary control and maintenance of the site;

b. In seeking advice on the issues identified in 4B@LKa), the licensee
shall provide for:

I. participation by representatives of a broad crosstian of
community interests who may be affected by the deuissioning;

ii. an opportunity for a comprehensive, collective d&sion on the
issues by the participants represented; and

iii. a publicly available summary of the results ofsalth discussions,
including a description of the individual viewpantof the
participants on the issues and the extent of agratnand
disagreement among the participants on the issineis;
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5. Residual radioactivity at the site has been redsodtiat if the institutional
controls were no longer in effect, there is reabaassurance that the TEDE
from residual radioactivity distinguishable fromckground to the average
member of the critical group is as low as reasgnabhievable and would
not exceed either:

a. 100 mrem (1 mSv) per year; or
b. 500 mrem (5 mSv) per year provided the licensee:

I. demonstrates that further reductions in residualioectivity
necessary to comply with the 100 mrem/y (1 mSv/glug of
400.63(5)(a) of this section are not technicallyiacable, would be
prohibitively expensive, or would result in net pabor
environmental harm;

li. makes provisions for durable institutional controls

iii. provides sufficient financial assurance to enableegponsible
government entity or independent third party, idohg a
governmental custodian of a site, both to carrypewiodic rechecks
of the site no less frequently than every 5 yearassure that the
institutional controls remain in place as necessamgeet the criteria
of 400.63(2) and to assume and carry out respditigibifor any
necessary control and maintenance of those contalseptable
financial assurance mechanisms are those in 4®).63(

400.64 Alternate Criteria for License Termination.

1. The Agency may terminate a license using altercidtieria greater than the
dose criterion of 400.62, 400.63(2), and 400.63Mij, if the licensee:

a. provides assurance that public health and safetydv@ontinue to be
protected, and that it is unlikely that the dosafrall man-made sources
combined, other than medical, would be more thanltmSv/y (100
mrem/y) limit of Section 400, by submitting an aysd of possible
sources of exposure;

b. has employed to the extent practical restrictiansite use according to
the provisions of 400.63 in minimizing exposurethatsite;

c. reduces doses to ALARA levels, taking into consaien any
detriments such as traffic accidents expected terpially result from
decontamination and waste disposal; and

d. has submitted a decommissioning plan or Licensenif@tion Plan
(LTP) to the Agency indicating the licensee's ihterdecommission in
accordance with 300.16(4), and specifying thatitemsee proposes to
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decommission by use of alternate criteria. Thenkee shall document
in the decommissioning plan or LTP how the advicedividuals and
institutions in the community who may be affecte¢ Ithe
decommissioning has been sought and addressedppaiepeate,
following analysis of that advice. In seeking saclvice, the licensee
shall provide for:

I. participation by representatives of a broad crosstian of
community interests who may be affected by the deuissioning;

ii. an opportunity for a comprehensive, collective dsston on the
issues by the participants represented; and

iii. a publicly available summary of the results ofsalth discussions,
including a description of the individual viewpantof the
participants on the issues and the extent of agratnand
disagreement among the participants on the issues.

2. The use of alternate criteria to terminate a lieeegjuires the approval of the
Agency after consideration of the Agency stafftsoramendations that will
address any comments provided by Federal and $thter Agencies and any
public comments submitted pursuant to 400.65.

400.65 Public Notification and Public Participatiotdpon the receipt of an LTP or
decommissioning plan from the licensee, or a prajdmsthe licensee for release of
a site pursuant to 400.63 or 400.64 , or whendaeeAgency deems such notice to
be in the public interest, the Agency shall:

1. Notify and solicit comments from:

a. local and State governments in the vicinity of wiee and other
individuals that could be affected by the decomiargag; and

b. the Mississippi Department of Environmental Qualdy cases where
the licensee proposes to release a site pursudfot64 .

2. Publish a notice in local newspapers, letters aeSir local organizations, or
other appropriate forum, that is readily accesstblendividuals in the
vicinity of the site, and solicit comments fromexdted parties.

400.66 Minimization of ContaminatiorApplicants for licenses, other than renewalsy afte
the effective date of these regulations, shalldlesn the application how facility
design and procedures for operation will minimiie,the extent practicable,
contamination of the facility and the environmerfgcilitate eventual
decommissioning, and minimize, to the extent pcatiie, the generation of
radioactive waste.
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Operating mode

Assigned Protectiof

Factors
. Air Purifying Respirators [Particulate
only]®
Filtering facepiece disposable Negative Pressure (
Facepiece, half Negative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air-purifying respirators 0 5
Facepiece, full Powered air-purifying respirators ooa
Helmet/hood Powered air-purifying respirators 1000
Facepiece, loose-fitting Powered air-purifying liesors 25
Il. Atmosphere supplying respirators
[particulate, gasses and vagiirs
1. Air-line respirators:
Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
Helmet/hood Continuous Flow 1000
Facepiece, loose-fitting Continuous Flow 25
Suit Continuous Flow X
2. Self-contained breathing Apparatus
(SCBA):
Facepiece, full Demand 100
Facepiece, full Pressure Demand 910,000
Facepiece, full Demand, Recirculating 8100
Facepiece, full Positive Pressure Recirculating 910,000
[ll. Combination Respirators:
Any combination of air-purifying and | (1) Assigned protection factor for type
atmosphere-supplying respirators and mode of operation as listed above
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! These assigned protection factors apply only iaspiratory protection program that meets the
requirements of this section. They are applicahlg t airborne radiological hazards and may not
be appropriate to circumstances when chemicall@rotspiratory hazards exist instead of, or in
addition to, radioactive hazards. Selection andafisespirators for such circumstances must also
comply with Department of Labor regulations. Radioee contaminants for which the
concentration values in Table 1, Column 3 of AppeBdo Section 400 are based on internal dose
due to inhalation may, in addition, present extegrposure hazards at higher concentrations. Under
these circumstances, limitations on occupancy naa o be governed by external dose limits.

2 Air purifying respirators with APF <100 must beugaped with particulate filters that are at least
95 percent efficient. Air purifying respirators WiAPF = 100 must be equipped with particulate
filters that are at least 99 percent efficient. purifying respirators with APFs >100 must be
equipped with particulate filters that are at [€&07 percent efficient.

3 The licensee may apply to the Agency for the dise@PF greater than 1 for sorbent cartridges as
protection against airborne radioactive gases apong (e.g., radioiodine).

* Licensees may permit individuals to use this tgpeespirator who have not been medically
screened or fit tested on the device providedrtbatredit be taken for their use in estimatingketa

or dose. It is also recognized that it is difficaltperform an effective positive or negative puess
pre-use user seal check on this type of deviceotABr respiratory protection program requirements
listed in 400.24 apply. An assigned protection dadtas not been assigned for these devices.
However, an APF equal to 10 may be used if the@fiee can demonstrate a fit factor of at least 100
by use of a validated or evaluated, qualitativguantitative fit test.

> Under-chin type only. No distinction is made iistAppendix between elastomeric half-masks
with replaceable cartridges and those designed théffilter medium as an integral part of the
facepiece (e.g., disposable or reusable dispos&u#) types are acceptable so long as the seal are
of the latter contains some substantial type dfeehancing material such as rubber or plastic, the
two or more suspension straps are adjustableijttrerhedium is at least 95 percent efficient alhd a
other requirements of this section are met.

® The assigned protection factors for gases andrsae not applicable to radioactive contaminants
that present an absorption or submersion hazardrifiam oxide vapor, approximately one-third of
the intake occurs by absorption through the skirthed an overall protection factor of 3 is
appropriate when atmosphere-supplying respiratogsuged to protect against tritium oxide.
Exposure to radioactive noble gases is not consiesignificant respiratory hazard, and protective
actions for these contaminants should be basedtemal (submersion) dose considerations.

" No NIOSH approval schedule is currently availafle atmosphere supplying suits. This
equipment may be used in an acceptable respiratotgction program as long as all the other
minimum program requirements, with the exceptiofitdesting, are met.

8 The licensee should implement institutional colstto assure that these devices are not used in
areas immediately dangerous to life or health (I[DLH
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® This type of respirator may be used as an emeygdesice in unknown concentrations for
protection against inhalation hazards. Externahtaah hazards and other limitations to permitted
exposure such as skin absorption shall be takematount in these circumstances. This device may

not be used by any individual who experiences eitge outward leakage of breathing gas while
wearing the device.
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Subpart 78
Section 400
APPENDIX B

Annual Limits On Intake (Alis) And Derived Air Conc entrations (Dacs) Of Radionuclides
For Occupational Exposure; Effluent Concentrations;Concentrations For Release To
Sanitary Sewerage

Introduction

For each radionuclide, Table | indicates the chahiarm which is to be used for selecting
the appropriate ALI or DAC value. The ALIs and D&for inhalation are given for an aerosol with
an activity median aerodynamic diameter (AMAD) qifrth, micron, and for three classes (D, W, Y)
of radioactive material, which refer to their raten (approximately days, weeks or years) in the
pulmonary region of the lung. This classificatapplies to a range of clearance half-times for D if
less than 10 days, for W from 10 to 100 days, and/fgreater than 100 days. Table Il provides
concentration limits for airborne and liquid effius released to the general environment. Table IlI
provides concentration limits for discharges toitsam sewerage.

Note:

The values in Tables I, II, and Ill are presentethe computer "E" notation. In this notation
a value of 6E-02 represents a value of 6 X @00.06, 6E+2 represents 6 X210 600, and 6E+0
represents 6 x 2or 6.

Table | "Occupational Values"

Note that the columns in Table | of this appendptmned "Oral Ingestion ALI," "Inhalation
ALI," and "DAC," are applicable to occupational espre to radioactive material.

The ALlIs in this appendix are the annual intakegivén radionuclide by "Reference Man"
which would result in either (1) a committed effeetdose equivalent of 5 rems (0.05 sievert),
stochastic ALI, or (2) a committed dose equival@b0 rems (0.5 sievert) to an organ or tissue,
non-stochastic ALI. The stochastic ALIs were dedvo result in a risk, due to irradiation of organ
and tissues, comparable to the risk associatedde#p dose equivalent to the whole body of 5 rems
(0.05 sievert). The derivation includes multiplyithe committed dose equivalent to an organ or
tissue by a weighting factor,;w This weighting factor is the proportion of thekrof stochastic
effects resulting from irradiation of the orgartissue, T, to the total risk of stochastic effecken
the whole body is irradiated uniformly. The valoésyr are listed under the definition of weighting
factor in 400.03. The non-stochastic ALIs were datito avoid non-stochastic effects, such as
prompt damage to tissue or reduction in organ fanct

A value of w = 0.06 is applicable to each of the five organtssues in the "remainder”
category receiving the highest dose equivalentd,th@ dose equivalents of all other remaining
tissues may be disregarded. The following portafriee Gl tract—stomach, small intestine, upper
large intestine, and lower large intestine—areddrbated as four separate organs.
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Note that the dose equivalents for an extremity, akd lens of the eye are not considered in
computing the committed effective dose equivalént, are subject to limits that must be met
separately.

When an ALl is defined by the stochastic dose lithis value alone is given. When an ALI
is determined by the non-stochastic dose limitt@ayan, the organ or tissue to which the limit
applies is shown, and the ALLI for the stochastigtlis shown in parentheses. Abbreviated organ or
tissue designations are used:

LLI wall = lower large intestine wall;
St. wall = stomach wall;
Blad wall = bladder wall; and
Bone surf = bone surface.

The use of the ALlIs listed first, the more limitinfithe stochastic and non-stochastic ALIs,
will ensure that non-stochastic effects are avoatadithat the risk of stochastic effects is limiied
an acceptably low value. If, in a particular sitoatinvolving a radionuclide for which the non-
stochastic ALI is limiting, use of that non-stocti@#\LI is considered unduly conservative, the
licensee may use the stochastic ALI to determiree dbmmitted effective dose equivalent.
However, the licensee shall also ensure that thre®8 (0.5 sievert) dose equivalent limit for any
organ or tissue is not exceeded by the sum ofxtesreal deep dose equivalent plus the internal
committed dose equivalent to that organ, not tiiecefe dose. For the case where there is no
external dose contribution, this would be demomstraf the sum of the fractions of the
nonstochastic ALIs (ALd) that contribute to the committed dose equivateniie organ receiving
the highest dose does not exceed unity, that(istake (inuCi) of each radionuclide/ALY < 1.0.

If there is an external deep dose equivalent doumtion of Hy, then this sum must be less than 1 -
(H«/50), instead of 1.0.

Note that the dose equivalents for an extremitin,sknd lens of the eye are not
considered in computing the committed effectiveedeguivalent, but are subject to
limits that must be met separately.

The derived air concentration (DAC) values areatilimits intended to control chronic
occupational exposures. The relationship betwee®™AC and the ALI is given by:

DAC = ALI(in pCi)/(2000 hours per working year x 60 minutes/hour
2 x 10" ml per minute) = [ALI/2.4 x 1Y pCi/ml,

where 2 x 16ml is the volume of air breathed per minute atkamy Reference Man under working
conditions of light work.

The DAC values relate to one of two modes of expmsither external submersion or the
internal committed dose equivalents resulting fiohalation of radioactive materials. DACs based

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
Division of Radiological Health



56

upon submersion are for immersion in a semi-irdigibud of uniform concentration and apply to
each radionuclide separately.

The ALI and DAC values include contributions to egpre by the single radionuclide named
and any in-growth of daughter radionuclides produnghe body by decay of the parent. However,
intakes that include both the parent and daughiionuclides should be treated by the general
method appropriate for mixtures.

The values of ALI and DAC do not apply directly whthe individual both ingests and
inhales a radionuclide, when the individual is esgubto a mixture of radionuclides by either
inhalation or ingestion or both, or when the indial is exposed to both internal and external
irradiation. See 400.07. When an individual is esgabto radioactive materials which fall under
several of the translocation classifications ofgame radionuclide, such as, Class D, Class W, or
Class Y, the exposure may be evaluated as if ie\menixture of different radionuclides.

It should be noted that the classification of a poomd as Class D, W, or Y is based on the
chemical form of the compound and does not takeantount the radiological half-life of different
radionuclides. For this reason, values are giverCfass D, W, and Y compounds, even for very
short-lived radionuclides.

Table Il "Effluent Concentrations”

The columns in Table Il of this appendix captiori&dfluents,” "Air" and "Water" are
applicable to the assessment and control of dagetpublic, particularly in the implementation of
the provisions of 400.15. The concentration valgeen in Columns 1 and 2 of Table Il are
equivalent to the radionuclide concentrations whitimhaled or ingested continuously over the
course of a year, would produce a total effectiogedequivalent of 0.05 rem (0.5 millisievert).

Consideration of non-stochastic limits has not beeluded in deriving the air and water
effluent concentration limits because non-stochastects are presumed not to occur at or below
the dose levels established for individual membeétse public. For radionuclides, where the non-
stochastic limit was governing in deriving the ggational DAC, the stochastic ALI was used in
deriving the corresponding airborne effluent limiTable Il. For this reason, the DAC and airborne
effluent limits are not always proportional as whs case in the previous Appendix A of this
section.

The air concentration values listed in Table Il,l@on 1 were derived by one of two
methods. For those radionuclides for which thelsdstic limit is governing, the occupational
stochastic inhalation ALI was divided by 2.4 x°1€elating the inhalation ALI to the DAC, as
explained above, and then divided by a factor @f. 3Uhe factor of 300 includes the following
components: a factor of 50 to relate the 5 ren@5(Bievert) annual occupational dose limit to the
0.1 rem (1 millisievert) limit for members of thalgic, a factor of 3 to adjust for the difference i
exposure time and the inhalation rate for a woaket that for members of the public; and a factor of
2 to adjust the occupational values, derived foitagdso that they are applicable to other ageggou

For those radionuclides for which submersion, tisaexternal dose, is limiting, the
occupational DAC in Table I, Column 3 was dividgd219. The factor of 219 is composed of a
factor of 50, as described above, and a factor3# relating occupational exposure for 2,000 hours
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per year to full-time exposure (8,760 hours per)yddote that an additional factor of 2 for age
considerations is not warranted in the submersase.c

The water concentrations were derived by takingribst restrictive occupational stochastic
oral ingestion ALl and dividing by 7.3 x 10 The factor of 7.3 x 7qml) includes the following
components: the factors of 50 and 2 describedeabod a factor of 7.3 x 1@ml) which is the
annual water intake of Reference Man.

Note 2 of this appendix provides groupings of radidides which are applicable to
unknown mixtures of radionuclides. These groupingduding occupational inhalation ALIs and
DACs, air and water effluent concentrations andagés to sewer, require demonstrating that the
most limiting radionuclides in successive classesahsent. The limit for the unknown mixture is
defined when the presence of one of the listecbradilides cannot be definitely excluded as being
present either from knowledge of the radionuclidenposition of the source or from actual
measurements.

Table Ill "Releases to Sewers"

The monthly average concentrations for releasanday sewerage are applicable to the
provisions in 400.36. The concentration values wdeeved by taking the most restrictive
occupational stochastic oral ingestion ALI and diing by 7.3 x 10(ml). The factor of 7.3 x 0
(ml) is composed of a factor of 7.3 x°1(@nl), the annual water intake by Reference Mad, @n
factor of 10, such that the concentrations, ifdage released by the licensee were the onlyssourc
of water ingested by a Reference Man during a yeaw)d result in a committed effective dose
equivalent of 0.5 rem (5 millisieverts).
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LIST OF ELEMENTS

Name Symbol Number Name Symbol Number
Actinium Ac 89 Mercury Hg 80
Aluminum Al 13 Molybdenum Mo 42
Americium Am 95 Neodymium Nd 60
Antimony Sb 51 Neptunium Np 93
Argon Ar 18 Nickel Ni 28
Arsenic As 33 Niobium Nb 41
Astatine At 85 Osmium Os 76
Barium Ba 56 Palladium Pd 46
Berkelium Bk 97 Phosphorus P 15
Beryllium Be 4 Platinum Pt 78
Bismuth Bi 83 Plutonium Pu 94
Bromine Br 35 Polonium Po 84
Cadmium Cd 48 Potassium K 19
Calcium Ca 20 Praseodymium Pr 59
Californium Cf 98 Promethium Pm 61
Carbon C 6 Protactinium Pa 91
Cerium Ce 58 Radium Ra 88
Cesium Cs 55 Radon Rn 86
Chlorine Cl 17 Rhenium Re 75
Chromium Cr 24 Rhodium Rh 45
Cobalt Co 27 Rubidium Rb 37
Copper Cu 29 Ruthenium Ru 44
Curium Cm 96 Samarium Sm 62
Dysprosium Dy 66 Scandium Sc 21
Einsteinium Es 99 Selenium Se 34
Erbium Er 68 Silicon Si 14
Europium Eu 63 Silver Ag 47
Fermium Fm 100 Sodium Na 11
Fluorine F 9 Strontium Sr 38
Francium Fr 87 Sulfur S 16
Gadolinium Gd 64 Tantalum Ta 73
Gallium Ga 31 Technetium Tc 43
Germanium Ge 32 Tellurium Te 52
Gold Au 79 Terbium Tb 65
Hafnium Hf 72 Thallium Tl 81
Holmium Ho 67 Thorium Th 90
Hydrogen H 1 Thulium Tm 69
Indium In 49 Tin Sn 50
lodine I 53 Titanium Ti 22
Iridium Ir 77 Tungsten W 74
Iron Fe 26 Uranium U 92
Krypton Kr 36 Vanadium Vv 23
Lanthanum La 57 Xenon Xe 54
Lead Pb 82 Ytterbium Yb 70
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Name Symbol Number Name Symbol Number
Lutetium Lu 71 Yttrium Y 39
Magnesium Mg 12 Zinc Zn 30
Manganese Mn 25 Zirconium Zr 40
Mendelevium Md 101
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
1 Hydrogen-3 Water, DAC
includes skin
absorption 8E+4 8E+4 2E-5 1E-7  1E-3 1E-2
Gas (HT or 3) Submersioh Use above values as HT angokidize in ai
and in the body to HTO.
4  Beryllium-7 W, all compounc
excepthose give
forY 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
Y, oxides, halide:
and nitrates - 2E+4 8E-6 3E-8 - -
4  Beryllium-10 W, seéBe 1E+3 2E+2 6E-8 2E-10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see’Be - 1E+1 6E-9 2E-11 - -
6 Carbon-11 Monoxide - 1E+6 5E-4 2E-6 - -
Dioxide - 6E+5 3E-4 9E-7 - -
Compounds 4E+5 4E+5 2E-4 6E-7  6E-3 6E-2
6 Carbon-14 Monoxide - 2E+6 7E-4  2E-6 - -
Dioxide - 2E+5 9E-5 3E-7 - -
Compounds 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
9  Fluorine-18 D, fluorides of H
Li, Na, K, Rb, C:¢
and Fr 5e+4 T7E+4 3E-5 1E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
W, fluorides o
Be, Mg, Ca, Si
Ba Ra, Al, Ga, Ir
Tl, As, Sb, Bi, Fe
Ru, Os, Co, N
Pd, Pt, Cu, A¢ - 9E+4 4E-5 1E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Au, Zn, Cd, Hg
Sc, Y, T i, Zr, V
Nb, Ta, Mn, Tc
and Re
Y, lanthanum
fluoride - 8E+4  3E-5 1E-7 - -
11 Sodium-22 D, all compoundsiE+2 6E+2 3E-7 9E-10 6E-6 6E-5
11 Sodium-24 D, all compounds4E+3 5E+3 2E-6 7E-9 5E-© 5E-4
12 Magnesium-28 D, all compound
excepthose give
for W 7E+2 2E+3 T7E-7 2E-9 9E-6 9E-5
W, oxides,
hydroxides,
carbides, halides,
and nitrates - 1E+3 5E-7 2E-9 - -
13 Aluminum-26 D, all compounc
excepthose give
for W 4E+2 ©6E+1 3E-8 9E-11 6E-6 6E-5
W, oxides,
hydroxides,
carbides, halides,
and nitrates - 9E+1 4E-8 1E-10 - -
14  Silicon-31 D, all compounc
excepthose give
forwWand Y 9e+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, oxides,
hydroxides,
carbides, and
nitrates 3E+4 1E-5 5E-8 - - -
Y,
aluminosilicate
glass 3E+4 1E-5 - - - -
14  Silicon-32 D, se&'Si 2E+3 2E+2 1E-7 3E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
LLI wall
(3E+3) - - - 4E-5 4E-4
W, see’'Si - 1E+2 5E-8 2E-10 - -
Y, see’’Si - 5E+0 2E-9 7E-12 - -
15 Phosphorus-32 D, all compound
exceptphosphate
given for W 6E+2 9E+2 4E-7 1E-9 9E-6 9E-5
W, phosphates
zn*, S Mg*,
Fe*, Bi**, anc
lanthanides - 4E+2 2E-7 5E-10 - -
15 Phosphorus-33 D, s&® 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4
W, se€’P - 3E+3 1E-6 4E-9 - -
16 Sulfur-35 Vapor - 1E+4 6E-6 2E-8 - -
D, sulfides and
sulfates except
those given for W 1E+4 2E+4 7E-6  2E-8 - -
LLI wall
(8E+3) - - - 1E-4 1E-3
W, elemental
sulfur, sulfides of
Sr, Ba, Ge, Sn,
Pb, As, Sb, Bi,
Cu. Ag, Au, Zzn, OF*S - - - - -
Cd, Hg, W, and
Mo. Sulfates of
Ca, Sr, Ba, Ra,
As, Sh, and Bi - 2E+3 9E-7 3E-9 - -
17 Chlorine-36 D, chlorides of
Li, Na, K, Rb,Cs
and Fr 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4
W, chlorides c
lanthanides, B
Mg, Ca, Sr, Ba.
Ra, Al, Ga, In, Tl, - 2E+2 1E-7 3E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Ge, Sn, Pb, A
Sb, Bi,Fe, Ru, O«
Co, Rh, Ir,Ni, Pd
Pt, Cu, Ag, Au
Zn, Cd, Hg, Sc, \
Ti, Zr, Hf, V, Nb.
Ta, Cr, Mo, W
Mn, Tc, and Re
17  Chlorine-38 D, see®Cl 2E+4 4E+4 2E-5 6E-8
St wall
(3E+4) 3E-4 3E-3
W, se€’°Cl 5E+4 2E-5 6E-8
17  Chlorine-39 D, see®Cl 2E+4 5E+4 2E-5 7E-8
St wall
(4E+4) 5E-4 5E-3
W, se€®Cl 6E+4 2E-5 8E-8
18- Argon-37 Submersion 1E+0 6E-3
18 Argon-39 Submersidn 2E-4  8E-7
18- Argon-41 Submersion 3E-6 1E-8
19 Potassium-40 D, all compound8E+2 4E+2 2E-7 6E-10 4E-6 4E-5
19 Potassium-42 D, all compoundSE+3 5E+3 2E-6 7E-9 6E-H 6E-4
19 Potassium-43 D, all compound6E+3 9E+3 4E-6 1E-8 9E-5 9E-4
19 Potassium-44 D, all compounds 2E+4 7E+4 3E-5 9E-8
St wall
(4E+4) 5E-4 5E-3
19 Potassium-45 D, all compounds 3E+4 1E+5 5E-5 2E-7 - -
St wall
(5E+4) 7E-4 7E-3
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
20 Calcium-41 W, all compound8E+3 4E+3 2E-6 - - -
Bone Bone
surf surf
(4E+3) (4E+3) 5E-9 6E-5 6E-4
20 Calcium-45 W, all compound2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calcium-47 W, all compound8E+2 9E+2 4E-7 1E-9 1E-5 1E-4
21 Scandium-43 Y, all compound¥E+3 2E+4 9E-6 3E-8 1E-4 1E-3
21 Scandium-44m Y, all compound$E+2 7E+2 3E-7 1E-9 7E-6 7E-5
21 Scandium-44 Y, all compoundglE+3 1E+4 5E-6 2E-8 5E-5 5E-4
21 Scandium-46 Y, all compound®E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 Y, all compound®E+3 3E+3 1E-6 4E-9 - -
LLI wall
(BE+3) 4E-5 4E-4
21 Scandium-48 Y, all compound8E+2 1E+3 6E-7 2E-9 1E-5 1E-4
21 Scandium-49 Y, all compounds 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
22 Titanium-44 D, all compounc
excepthose give
for Wand Y 3E+2 1E+1 5E-9 2E-11 4E-6 4E-5
W, oxides,
hydroxides,
carbides, halides,
and nitrates 3E+1 1E-8 4E-11
Y, SrTi0 6E+0 2E-9 8E-12
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
22  Titanium-45 D, se€Ti 9E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, se€"Ti - AE+4 1E-5 5E-8
Y, see™Ti - 3E+4 1E-5 4E-8
23 Vanadium-47 D, all compound
except those give
for W 3E+4 8E+4 3E-5 1E-7
St wall
(3E+4) 4E-4 4E-3
- W, oxides,
hydroxides,
carbides, and
halides - 1E+5 4E-5 1E-7 - -
23 Vanadium-48 D, s€dVv 6E+2 1E+3 5E-7 2E-9 9E-6 9E-5
W, see'’V - 6E+2 3E-7 9E-10
23 Vanadium-49 D, sev 7E+4 3E+4 1E-5 - - -
Bone
LLI wall surf
(9E+4) (3E+4) - 5E-8 1E-3 1E-2
W, see'’V - 2E+4 8E-6 2E-8 - -
24 Chromium-48 D, all compounc
except those gier
forwWand Y 6E+3 1E+4 5E-6 2E-8 8E-5 8E-4
W, halides and
nitrates - 7E+3  3E-6 1E-& - -
Y, oxides and
hydroxides - 7E+3 3E-6 1E-8 - -
24  Chromium-49 D, see”®Cr 3E+4 8E+4 4E-5 1E-7 4E-4  4E-3
W, see®Cr - 1E+5 4E-5 1E-7 - -
Y, see™Cr - 9E+4 4E-5 1E-7 - -
24 Chromium-51 D, se&Cr 4E+4 5E+4 2E-5 ©6E-8 5E-4 5E-3
W, see®Cr - 2E+4 1E-5 3E-8 - -
Y, see™Cr - 2E+4 8E-6 3E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)

25 Manganese-51 D, all compound
except those
given for W't 2E+4 5E+4 2E-5 7E-8 3E-4 3E-3

W, oxides,

hydroxides,

halides, and

nitrates - 6E+4 3E-5 8E-& - -
25  Manganese-52m D, see’’Mn 3E+4 9E+4 4E-5 1E-7 - -

St wall
(4E+4) - - - 5E-4 5E-3

W, se€'Mn - 1E+5 4E-5 1E-7 - -
25 Manganese-52 D, s&&/n 7E+2 1E+3 5E-7 2E-9 1E-5 1E-4

W, se€'Mn - O9E+2 4E-7 1E-9 - -
25 Manganese-53 D, s&d/n 5E+4 1E+4 5E-6 - 7E-4 7E-3

Bone
surf
(2E+4) - 3E-8 - -

W, se€'Mn - 1E+4 5E-6 2E-8 - -
25 Manganese-54 D, s&d/n 2E+3 9E+2 4E-7 1E-9 3E-5 3E-4

W, se€'Mn - 8E+2 3E-7 1E-9 - -
25 Manganese-56 D, s&d/in S5E+3 2E+4 6E-6 2E-8 7E-5 7E-4

W, see€’'Mn - 2E+4 9E-6  3E-8 - -
26 Iron-52 D, all compound

excepthose give

for W 9E+2 3E+3 1E-6 4E-9 1E-5 1E-4

W, oxides,

hydroxides and

halides, - 2E+3 1E-6 3E-9 - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
26 Iron-55 D, seé’Fe OE+3 2E+3 8E-7 3E-9 1E-4 1E-3
W, see’“Fe - 4E+3 2E-6 6E-9 - -
26 Iron-59 D, seé’Fe 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4
W, see’Fe - 5E+2 2E-7 7E-10 - -
26 Iron-60 D, seé’Fe 3E+1 6E+0 3E-9 O9E-12 4E-7 4E-6
W, see’“Fe - 2E+1 8E-9 3E-11 - -
27 Cobalt-55 W, all compounc
excepthose give
forY 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, oxides,
hydroxides,
halides, and
nitrates - 3E+3 1E-6 4E-9 - -
27 Cobalt-56 W, se€Co 5E+2 3E+2 1E-7 4E-10 6E-6 6E-5
Y, see°Co 4E+2 2E+2 8E-8 3E-10 - -
27 Cobalt-57 W, se€Co 8E+3 3E+3 1E-6 4E-9 6E-5 6E-4
Y, seeCo 4E+3 T7E+2 3E-7 9E-10 -
27 Cobalt-58m W, se€Co 6E+4 9E+4 4E-5 1E-7 8E-4 8E-3
Y, seeCo - 6E+4 3E-5 9E-8 - -
27 Cobalt-58 W, se€Co 2E+3 1E+3 5E-7 2E-9 2E-5 2E-4
Y, see*Co 1E+3 7E+2 3E-7 1E-9 - -
27 Cobalt-60rh W, seeCo 1E+6 4E+6 2E-3 6E-6 - -
St
wall(1E
+6) - - - 2E-2 2E-1
Y, see*Co - 3E+6 1E-3 4E-6 - -
27 Cobalt-60 W, se€Co 5E+2 2E+2 T7E-8 2E-10 3E-6 3E-5
Y, see*Co 2E+2 3E+1 1E-8 5E-11 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
27 Cobalt-61 W, seeCo 2E+4 G6E+4 3E-5 9E-8 3E-4  3E-3
Y, see*Co 2E+4 6E+4 2E-5 8E-8 - -
27  Cobalt-62mh W, see®Co AE+4 2E+5 T7E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4  7E-3
Y, seeCo - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compound
excepthose give
for W 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
W, oxides,
hydroxides, and
carbides - 1E+3 5E-7 2E-9 - -
Vapor - 1E+3 5E-7 2E-9 - -
28  Nickel-57 D, see®Ni 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, se€®Ni - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
28  Nickel-59 D, se€®Ni 2E+4 4E+3 2E-6 5E-9 3E-4  3E-3
W, see®Ni - 7E+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -
28  Nickel-63 D, se€®Ni OE+3 2E+3 7E-7 2E-9 1E-4  1E-3
W, see®Ni - 3E+3 1E-6 4E-9 - -
Vapor - 8E+2 3E-7 1E-9 - -
28  Nickel-65 D, see®Ni 8E+3 2E+4 1E-5 3E-8 1E-4  1E-3
W, see®Ni - 3E+4 1E-5 4E-8 - -
Vapor - 2E+4 T7E-6 2E-8 - -
28  Nickel-66 D, se€®Ni AE+2 2E+3 7E-7 2E-9 - -
LLI wall
(5E+2) - - - 6E-6  6E-5
W, see®Ni - 6E+2 3E-7 9E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Vapor - 3E+3 1E-6 4E-9 - -
29  Copper-69 D, all compound
except those give
forwand Y 3E+4 9E+4 4E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, sulfides,
halides, and
nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and
hydroxides - 1E+5 4E-5 1E-7 - -
29 Copper-61 D, sé8Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, se€’Cu - AE+4 2E-5 6E-8 - -
Y, see®®Cu - AE+4 1E-5 5E-8 - -
29 Copper-64 D, seé8Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, se€’Cu - 2E+4 1E-5 3E-8 - -
Y, see®®Cu - 2E+4 9E-6 3E-8 - -
29 Copper-67 D, s€€Cu S5E+3 8E+3 3E-6 1E-8 O6E-5 6E-4
W, se€’Cu - SBE+3 2E-6 7E-9 - -
Y, see®®Cu - S5E+3 2E-6 6E-9 - -
30 Zinc-62 Y, all compounds1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30  Zinc-63 Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -
St wall
(3E+4) - - - 3E-4 3E-3
30 Zinc-65 Y, all compounds4E+2 3E+2 1E-7 4E-10 5E-6 5E-5
30 Zinc-69m Y, all compounds4E+3 7E+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-69 Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all compounds6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
30 Zinc-72 Y, all compounds1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
31  Gallium-65 D, all compound
except those gar
for W 5E+4 2E+5 TE-5 2E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
W, oxides,
hydroxides
carbides, halides,
and, nitrates - 2E+5 8E-5  3E-7 - -
31  Gallium-66 D, sefGa 1E+3 4E+3 1E-6 5E-9 1E-5 1E-4
W, se”Ga - 3E+3 1E-6 4E-9 - -
31  Gallium-67 D, se€Ga 7E+3 1E+4 6E-6 2E-&8 1E-4  1E-3
W, se€”Ga - 1E+4 4E-6 1E-8 - -
31  Gallium-68 D, se€”Ga 2E+4 4E+4 2E-5 6E-8 2E-4  2E-3
W, seé”Ga - 5E+4 2E-5 7E-8 - -
31  Gallium-76 D, see™Ga 5E+4 2E+5 7E-5 2E-7 - -
St wall
(TE+4) - - - 1E-3  1E-2
W, se”Ga - 2E+5 8E-5 3E-7 - -
31  Gallium-72 D, sefGa 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, se€”Ga - 3E+3 1E-6 4E-9 - -
31  Gallium-73 D, se®Ga 5E+3 2E+4 6E-6 2E-8 T7E-5 7E-4
W, se€”Ga - 2E+4 6E-6 2E-8 - -
32 Germanium-66 D, all compounc
excepthose give
for W 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
W, oxides,
sulfides, and
halides - 2E+4 8E-6 3E-8& - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
32 Germanium-67 D, se€’°Ge 3E+4 9E+4 4E-5 1E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
W, se€®Ge - 1E+5 4E-5 1E-7 - -
32 Germanium-68 D, séfGe 5E+3 4E+3 2E-6 5E-9 6E-5 6E-4
W, seé®Ge - 1E+2 4E-8 1E-10 - -
32  Germanium-69 D, sé&Ge 1E+4 2E+4 6E-6 2E-& 2E-4  2E-3
W, se€’Ge - 8E+3 3E-6 1E-8 - -
32 Germanium-71 D, séfGe 5E+5 4E+5 2E-4 6E-7 7E-3  7E-2
W, seé®Ge - 4E+4 2E-5 6E-8 - -
32  Germanium-75 D, se€®Ge AE+4 8E+4 3E-5 1E-7 - -
St wall
(7TE+4) - - - 9E-4 9E-3
W, see’®Ge - 8E+4 4E-5 1E-7 - -
32  Germanium-77 D, sééGe OE+3 1E+4 4E-6 1E-8 1E-4  1E-3
W, se€’Ge - 6E+3 2E-6 8E-9 - -
32 Germanium-78 D, se€°Ge 2E+4 2E+4 9E-6 3E-& - -
W, seé’Ge - 2E+4 O9E-6 3E-8 - -
33 Arsenic-69 W, all compounds3E+4  1E+5 5E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
33 Arsenic-76 W, all compounds1E+4 5E+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W, all compound9E+3 5E+3 2E-6 6E-9 5E-5 SE-4
33 Arsenic-72 W, all compound®9E+2 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-73 W, all compound8E+3 2E+3 7E-7 2E-9 1lE-4 1E-3
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
33 Arsenic-74 W, all compound4dE+3 8E+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic-76 W, all compound4dE+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 W, all compoundgE+3 5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 6E-5 6E-4
33 Arsenic-78 W, all compounds8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
34  Selenium-7® D, all compound
excepthose give
for W 2E+4 4E+4 2E-5 5E-8 1E-4 1E-3
W, oxides,
hydroxides,
carbides, and
elemental Se 1E+4 4E+4 2E-5 6E-8 - -
34  Selenium-73Mm D, see’’Se 6E+4 2E+5 6E-5 2E-7 4E-4  4E-3
W, se€’’Se 3E+4 1E+5 6E-5 2E-7 - -
34 Selenium-73 D, s€éSe 3E+3 1E+4 G5E-6 2E-8 4E-5 4E-4
W, se€’’Se - 2E+4 T7E-6 2E-8 - -
34  Selenium-75 D, séése 5E+2 7E+2 3E-7 1E-9 7E-6 7E-5
W, se€’’Se - 6E+2 3E-7 8E-10 - -
34  Selenium-79 D, s€éSe 6E+2 8E+2 3E-7 1E-9 B8E-6  8E-5
W, se€’’Se - 6E+2 2E-7 8E-10 - -
34  Selenium-81m D, see’’Se AE+4 T7E+4 3E-5 9E-8 3E-4  3E-3
W, se€’’Se 2E+4 7E+4 3E-5 1E-7 - -
34  Selenium-841 D, see’’Se 6E+4 2E+5 9E-5 3E-7 - -
St wall
(8E+4) - - - 1E-3 1E-2
W, se€’’Se - 2E+5 1E-4 3E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
34  Selenium-83 D, see’’Se AE+4 1E+5 5E-5 2E-7 4E-4  4E-3
W, se€’’Se 3E+4 1E+5 G5E-5 2E-7 - -
35 Bromine-74m D, bromides of +
Li, Na, K, Rb, C¢
and Fr 1E+4 4E+4 2E-5 5E-8 - -
St wall
(2E+4) - - - 3E-4 3E-3
W, bromides ¢
lanthanides, B:
Mg, Ca, Sr,Ba
Ra, Al, Ga, In, Tl
Ge, Sn, Pb, A
Sb, BiFe, Ru, O«
Co, Rh, Ir,Ni, Pd
Pt, Cu, Ag, Au
Zn, Cd, Hg, Sc, \
Ti, Zr, Hf, V, Nb.
Ta, Mn, Tc, ant
Re - 4E+4 2E-5 6E-8 - -
35  Bromine-74 D, see’“™Br 2E+4 7E+4 3E-5 1E-7 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, see’*"Br - 8E+4 4E-5 1E-7 - -
35  Bromine-75 D, see’*™Br 3E+4 5E+4 2E-5 7E-8 - -
St wall
(4E+4) - - - 5E-4 5E-3
W, see’*"Br - 5E+4 2E-5 7E-8 - -
35 Bromine-76 D, se€™Br 4E+3 BHE+3 2E-6 T7E-9 5E-5 5E-4
W, se€’*"Br - 4E+3 2E-6 6E-9 - -
35 Bromine-77 D, se&™Br 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3
W, sed*™Br - 2E+4 8E-6 3E-8 - -
35 Bromine-80m D, sed™Br 2E+4 2E+4 T7E-6 2E-8 3E-4 3E-3
W, se€’*"Br - 1E+4 6E-6 2E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
35  Bromine-86 D, see’"™Br 5E+4 2E+5 8E-5 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, se€“™Br - 2E+5 9E-5 3E-7 - -
35 Bromine-82 D, se€"Br 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see’*"Br - 4E+3 2E-6 5E-9 - -
35  Bromine-83 D, se€é™Br 5E+4 6E+4 3E-5 OE-8 - -
St wal
(TE+4) - - - 9E-4 9E-3
W, sed“™Br - 6E+4 3E-5 9E-8 - -
35  Bromine-84 D, see”™Br 2E+4 6E+4 2E-5 8E-8 - -
St wal
(3E+4) - - - 4E-4 4E-3
W, se€“™Br - 6E+4 3E-5 9E-8 - -
36 Krypton-74 Submersioh - - 3E-6 1E-8 - -
36  Krypton-76 Submersidn - - 9E-6 4E-8 - -
36  Krypton-77 Submersioh - - 4E-6  2E-8 - -
36  Krypton-79 Submersion - - 2E-5 7E-8 - -
36  Krypton-81 Submersidn - - 7E-4  3E-6 - -
36  Krypton-83m Submersioh - - 1E-2  5E-5 - -
36  Krypton-85m Submersidn - - 2E-5 1E-7 - -
36  Krypton-85 Submersion - - 1E-4  7E-7 - -
36 Krypton-87 Submersioh - - 5E-6 2E-8 - -
36  Krypton-88 Submersidn - - 2E-6  9E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
37 Rubidium-79 D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
37 Rubidium-81rh D, all compounds 2E+5 3E+5 1E-4 5E-7 - -
St wall
(3E+5) - - - 4E-3 4E-2
37 Rubidium-81 D, all compounds4E+4 5E+4 2E-5 7E-8 5E-4 5E-3
37 Rubidium-82m D, all compoundslE+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubidium-83 D, all compounds6E+2  1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium-84 D, all compoundssE+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-86 D, all compoundssE+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-87 D, all compoundslE+3 2E+3 6E-7 2E-9 1E-5 1E-4
37  Rubidium-88 D, all compounds 2E+4 6E+4 3E-5 9E-8 - -
St wall
(3E+4) - - - 4E-4 4E-3
37 Rubidium-88 D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
St wall
(6E+4) - - - 9E-4 9E-3
38  Strontium-80 D, all soluble
compounds
except SrTiO 4E+3 1E+4 5E-6 2E-B8  6E-5 6E-4
Y, all insoluble
compounds and
SrTio - 1E+4 5E-6 2E-8 - -
38  Strontium-81 D, se€’’Sr 3E+4 8E+4 3E-5 1E-7 3E-4  3E-3
Y, see®’sr 2E+4 8E+4 3E-5 1E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
38 Strontium-82 D, se&Sr 3E+2 4E+2 2E-7 6E-10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
Y, see®sr 2E+2 9E+1 4E-8 1E-10 - -
38 Strontium-83 D, se&Sr 3E+3 T7E+3 3E-6 1E-8 3E-5 3E-4
Y, see®sr 2E+3 4E+3 1E-6 5E-9 - -
38  Strontium-85m D, se€’’Sr 2E+5 6E+5 3E-4 9E-7 3E-3  3E-2
Y, see®’Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, se&Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
Y, see®’sr - 2E+3 6E-7  2E-9 - -
38 Strontium-87m D, se8Sr 5E+4 1E+5 5E-5 2E-7 6E-4 6E-3
Y, see®’Sr AE+4 2E+5 6E-5 2E-7 - -
38 Strontium-89 D, se&Sr 6E+2 8E+2 4E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see®sr 5E+2 1E+2 6E-8 2E-10 - -
38  Strontium-90 D, se¥sr 3E+1 2E+1 8E-9 - - -
Bone Bone
surf surf
(4E+1) (2E+1) - 3E-11 5E-7 5E-6
Y, see®Sr - AE+0 2E-9 6E-12 - -
38 Strontium-91 D, sedsr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4
Y, see®’Sr - AE+3 1E-6 5E-9 - -
38 Strontium-92 D, se¥Sr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see®Sr - 7E+3 3E-6 9E-9 - -
39  Yitrium-86nt W, all compound
excepthose give
forY 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, oxides and
hydroxides - 5E+4 2E-5 8E-8 - -
39 Yttrium-86 W, seé®my 1E+3 3E+3 1E-6 B5E-9 2E-§ 2E-4
Y, see®®™ - 3E+3 1E-6 5E-9 - -
39 Yttrium-87 W, se&my 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
Y, see®™®my - 3E+3 1E-6 5E-9 - -
39 Yttrium-88 W, seé®my 1E+3 3E+2 1E-7 3E-10 1E-5 1E-4
Y, see®®™ - 2E+2 1E-7 3E-10 - -
39 Yttrium-90m W, sefmy 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
Y, see®®my - 1E+4 5E-6 2E-8 - -
39 Yttrium-90 W, seé®my 4E+2 T7E+2 3E-7 9E-10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, see®®™Y - 6E+2 3E-7 9E-10 - -
39 Yttrium-91 W, seé®my 5E+2 2E+2 7E-8 2E-10 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see®®™ - 1E+2 5E-8 2E-10 - -
39 Yttrium-92 W, seémY 3E+3 9E+3 4E-6 1E-8 4E-5 4AE-4
Y, see®®™Y - 8E+3 3E-6 1E-8 - -
39 Yttrium-93 W, seé®my 1E+3 3E+3 1E-6 4E-9 2E-§ 2E-4
Y, see®®™ - 2E+3 1E-6 3E-9 - -
39 Yttrium-94 W, see®my 2E+4 8E+4 3E-5 1E-7 - -
Y, see®™Y - 8E+4 3E-5 1E-7 - -
39 Yttrium-95 W, see®my 4E+4 2E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4 7E-3
Y, see®®™Y - 1E+5 6E-5 2E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
40 Zirconium-86 D, all compound
excepthose give
forWand Y 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
W, oxides,
hydroxides,
halides, and
nitrates - 3E+3 1E-6 4E-9 - -
Y, carbide - 2E+3 1E-6 3E-9 - -
40 Zirconium-88 D, se®zr 4E+3 2E+2 9E-8 3E-10 5E-5 5E-4
W, seé®Zr - 5E+2 2E-7 7E-10 - -
Y, see®zr - 3E+2 1E-7 4E-10 - -
40 Zirconium-89 D, se®¥zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, seézr - 2E+3 1E-6 3E-9 - -
Y, see®zr - 2E+3 1E-6 3E-9 - -
40  Zirconium-93 D, se®¥zr 1E+3 6E+0 3E-9 - - -
Bone Bone
surf surf
(BE+3) (2E+1) - 2E-11 4E-5 4E-4
W, seé®zr - 2E+1 1E-8 - - -
Bone
surf
(6E+1) - 9E-11 - -
Y, see®®Zr - 6E+1 2E-8 - - -
Bone
surf
(7TE+1) - 9E-11 - -
40 Zirconium-95 D, se®zr 1E+3 1E+2 5E-8 - 2E-5 2E-4
Bone
surf
(BE+2) - 4E-10 - -
W, seézr - 4E+2 2E-7 5E-10 - -
Y, see®®Zr - 3E+2 1E-7 4E-10 - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
40 Zirconium-97 D, se®zZr 6E+2 2E+3 8E-7 3E-9 9E-6 9E-5
W, se€®zZr - 1E+3 6E-7 2E-9 - -
Y, se€®zr - 1E+3 5E-7 2E-9 - -
41  Niobium-88&° W, all compound
except those ger
forY S5E+4 2E+5 9E-5 3E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
Y, oxides and
hydroxides - 2E+5 9E-5 3E-7 - -
41  Niobium-89°
(66 min) W, se&Nb 1E+4 4E+4 2E-5 6E-8 1E-4  1E-3
Y, see®®™Nb - 4E+4 2E-5 5E-8 - -
41 Niobium-89
(122 min) W, se&Nb 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
Y, see’®Nb - 2E+4 6E-6 2E-8 - -
41  Niobium-90 W, seé®Nb 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
Y, see®®™Nb - 2E+3 1E-6 3E-9 - -
41  Niobium-93m W, se&®Nb OE+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+4) - - - 2E-4 2E-3
Y, see®®™Nb - 2E+2 7E-8 2E-10 - -
41  Niobium-94 W, se€®Nb OE+2 2E+2 8E-8 3E-10 1E-5 1E-4
Y, see®®Nb - 2E+1 6E-9 2E-11 - -
41  Niobium-95m W, seé®Nb 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see®®Nb - 2E+3 9E-7 3E-9 - -
41  Niobium-95 W, se€®Nb 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
Y, see®®Nb - 1E+3 5E-7 2E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
41  Niobium-96 W, seé®Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see®®Nb - 2E+3 1E-6 3E-9 - -
41  Niobium-97° W, see’®Nb 2E+4 8E+4 3E-5 1E-7 3E-4  3E-3
Y, see®®Nb - 7E+4 3E-5 1E-7 - -
41  Niobium-98& W, see€®Nb 1E+4 B5E+4 2E-5 B8E-8 2E-4  2E-3
Y, see®®Nb - S5E+4 2E-5 7E-8 - -
42 Molybdenum-90 D, all compods
excepthose give
for Y AE+3 7E+3 3E-6 1E-8 3E-5 3E-4
Y, oxides,
hydroxides, and
MoS 2E+3 5E+3 2E-6 6E-9 - -
42 Molybdenum-93m D, sé&Vo OE+3 2E+4 T7E-6 2E-8 6E-5 6E-4
Y, see’Mo 4AE+3 1E+4 6E-6 2E-8 - -
42  Molybdenum-93 D, se8Mo 4E+3 5E+3 2E-6 8E-9 5E-5 5E-4
Y, see’Mo 2E+4 2E+2 8E-8 2E-10 - -
42  Molybdenum-99 D, se&Mo 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(LE+3) - - - 2E-5  2E-4
Y, see’Mo 1E+3 1E+3 6E-7 2E-9 - -
42  Molybdenum-102 D, se€’Mo 4AE+4 1E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4  T7E-3
Y, see’Mo - 1E+5 6E-5 2E-7 - -
43  Technetium-93f D, all compound
excepthose give
for W 7E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, oxides,
hydroxides,
halides, and - 3E+5 1E4 4E-7 - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
nitrates
43 Technetium-93 D, s€é™¢c 3E+4 T7E+4 3E-5 1E-7 4E-4  4E-3
W, see®™c - 1E+5 4E-5 1E-7 - -
43 Technetium-94m D, se€”™™c 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
W, se€*™¢c - 6E+4 2E-5 8E-8 - -
43 Technetium-94 D, s€é™¢c OE+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see®™c - 2E+4 1E-5 3E-8 - -
43 Technetium-95m D, sé&"Tc 4E+3 G5E+3 2E-6 8E-9 5E-5 5E-4
W, se€”™c - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, s€é™c 1E+4 2E+4 9E-6 3E-8 1E-4 1E-3
W, see®™c - 2E+4 8E-6 3E-8 - -
43 Technetium-96Mm D, see”™*™c 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2
W, see€”™¢c - 2E+5 1E-4 3E-7 - -
43 Technetium-96 D, s€é™¢c 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
W, see®™c - 2E+3 9E-7 3E-9 - -
43 Technetium-97m D, s€&™Tc 5E+3 7E+3 3E-6 - 6E-5 6E-4
St wall
(TE+3) - 1E-8 - -
W, see®™c - 1E+3 5E-7 2E-9 - -
43 Technetium-97 D, s€é™c AE+4 5E+4 2E-5 7E-8 5E-4 5E-3
W, see®™c - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D, sé&™c 1E+3 2E+3 7E-7 2E9 1E-5 1E-4
W, see®™c - 3E+2 1E-7 4E-10 - -
43 Technetium-99m D, sé&™Tc 8E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, see®™c - 2E+5 1E-4 3E-7 - -
43 Technetium-99 D, s€é™c 4E+3 5E+3 2E-6 - 6E-5 6E-4
St wall - 8E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(6E+3)
- W, see”™c - 7E+2 3E-7 9E-10 - -
43  Technetium-101 D, see*™Tc OE+4 3E+5 1E-4 5E-7 - -
St wall
(1E+5) - - - 2E-3  2E-2
W, see™Tc - AE+5 2E-4  5E-7 - -
43  Technetium-104 D, see”™™c 2E+4 7E+4 3E-5 1E-7 - -
St wall
(3E+4) - - - AE-4  4E-3
W, see”*™c - OE+4 4E-5 1E-7 - -
44  Ruthenium-94 D, all compounc
excepthose give
for Wand Y 2E+4 4E+4 2E-5 6E-8 2E-4  2E-3
W, halides - 6E+4 3E-5 OE-8 - -
Y, oxides and
hydroxides - 6E+4 2E-5 8E-8 - -
44 Ruthenium-97 D, seééRu 8E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see”Ru - 1E+4 5E-6 2E-8 - -
Y, see”Ru - 1E+4 5E-6 2E-8 - -
44  Ruthenium-103 D, s€éRu 2E+3 2E+3 T7E-7 2E-9 3E-5 3E-4
W, see”Ru - 1E+3 4E-7 1E-9 - -
Y, see”Ru - 6E+2 3E-7 9E-10 - -
44  Ruthenium-105 D, sééRu 5E+3 1E+4 6E-6 2E-8 7E-5 7E-4
W, see”Ru - 1E+4 6E-6 2E-8 - -
Y, see”Ru - 1E+4 5E-6 2E-8 - -
44 Ruthenium-106 D, s€éRu 2E+2 9E+1 4E-8 1E-10 - -
LLI wall
(2E+2) - - - 3E-6  3E-5
W, see”Ru - 5E+1 2E-8 8E-11 - -
Y, see”Ru - 1E+1 5E-9 2E-11 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
45 Rhodium-99m D, all compound
excepthose give
for Wand Y 2E+4 6E+4 2E-5 8E-8 2E-4  2E-3
W, halides - 8E+4 3E-5 1E-7 - -
Y, oxides and
hydroxides - 7TE+4 3E-5 9E-8 - -
45 Rhodium-99 D, se€"Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, se€®™Rh - 2E+3 9E-7  3E-9 - -
Y, see’®Rh - 2E+3 8E-7 3E-9 - -
45 Rhodium-100 D, se€™Rh 2E+3 5E+3 2E-6 7E-9 2E-5 2E-4
W, se€®™Rh - AE+3 2E-6 6E-9 - -
Y, see’®Rh - 4AE+3 2E-6 5E-9 - -
45 Rhodium-101m D, seé"Rh 6E+3 1E+4 5E-6 2E-8 S8E-5 8E-4
W, se€®™Rh - 8E+3 4E-6 1E-8 - -
Y, see’®Rh - 8E+3 3E-6 1E-8 - -
45 Rhodium-101 D, se€™Rh 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4
W, se€*™Rh - 8E+2 3E-7 1E-9 - -
Y, see’®Rh - 2E+2 6E-8 2E-10 - -
45 Rhodium-102m D, seé"Rh 1E+3 B5E+2 2E-7 7E-10 - -
LLI wall
(LE+3) - - - 2E-5 2E-4
W, se€*™Rh - 4E+2 2E-7 5E-10 - -
Y, see”Rh - 1E+2 5E-8 2E-10 - -
45 Rhodium-102 D, se€™Rh 6E+2 9E+1 4E-8 1E-10 8E-6  8E-5
W, see€®™Rh - 2E+2 7E-8 2E-10 - -
Y, see”®Rh - 6E+1 2E-8 8E-11 - -
45 Rhodium-103m D, see”®Rh 4E+5 1E+6 5E-4 2E-6 6E-3  6E-2
W, se€®™Rh - 1E+6 5E-4 2E-6 - -
Y, see’®Rh - 1E+6 5E-4 2E-6 - -
45 Rhodium-105 D, se€™Rh AE+3 1E+4 G5E-6 2E-8 - .
LLIwall - - - 5E-5  5E-4
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(4E+3)
W, se€”™Rh - 6E+3 3E-6 9E-9 - -
Y, see’®Rh - 6E+3 2E-6 8E-9 - -
45 Rhodium-106m D, seé"Rh 8E+3 3E+4 1E-5 4E-8 1E-4  1E-3
W, se€®™Rh - AE+4 2E-5 5E-8 - -
Y, see®Rh - AE+4 1E-5 5E-8 - -
45 Rhodium-107 D, see’®Rh 7E+4 2E+5 1E-4  3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see€®™Rh - 3E+5 1E-4  4E-7 - -
Y, see®Rh - 3E+5 1E-4  3E-7 - -
46 Palladium-100 D, all compound
excepthose give
for Wand Y 1E+3 1E+3 6E-7 2E-9 2E-5 2E-4
W, nitrates - 1E+3 5E-7 2E-9 - -
Y, oxides and
hydroxides - 1E+3 6E-7 2E-9 - -
46 Palladium-101 D, séé’Pd 1E+4 3E+4 1E-5 B5E-8 2E-4  2E-3
W, see®Pd - 3E+4 1E-5 5E-8 - -
Y, see'*%Pd - 3E+4 1E-5 4E-8 - -
46 Palladium-103 D, séé’Pd 6E+3 B6E+3 3E-6 9E-9 - -
LLI wall
(TE+3) - - - 1E-4 1E-3
W, see®Pd - 4E+3 2E-6 6E-9 - -
Y, see’*%Pd - 4E+3 1E-6 5E-9 - -
46 Palladium-107 D, séé’Pd 3E+4 2E+4 9E-6 - - -
LLI wall Kidneys
(4E+4) (2E+4) - 3E-8 5E-4  5E-3
W, see®Pd - 7E+3 3E-6 1E-8 - -
Y, see'*%Pd - 4E+2 2E-7 6E-10 - -
46 Palladium-109 D, séé’Pd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
W, seePd - 5E+3 2E-6 8E-9 - -
Y, see'’Pd - 5E+3 2E-6 6E-9 - -
47  Silver-102 D, all compound
except those give
for Wand Y 5E+4 2E+5 8E-5 2E-7 - -
St wall
(6E+4) - - - 9E-4  9E-3
W, nitrates and
sulfides - 2E+5 9E-5 3E-7 - -
Y, oxides and
hydroxides - 2E+5 8E-5 3E-7 - -
47  Silver-103 D, see'%Ag 4E+4 1E+5 4E-5 1E-7 5E-4  5E-3
W, see'%Ag - 1E+5 5E-5 2E-7 - -
Y, see'®Ag - 1E+5 5E-5 2E-7 - -
47  Silver-104mh D, see'%Ag 3E+4 9E+4 4E-5 1E-7 4E-4  4E-3
W, see®Ag - 1E+5 5E-5 2E-7 - -
Y, see'®Ag - 1E+5 G5E-5 2E-7 - -
47  Silver-104 D, see'Ag 2E+4 7E+4 3E-5 1E-7 3E-4  3E-3
W, see'%Ag - 1E+5 6E-5 2E-7 - -
Y, see'Ag - 1E+5 6E-5 2E-7 - -
47  Silver-105 D, se¥’Ag 3E+3 1E+3 4E-7 1E-9 4E-5  4E-4
W, see®Ag - 2E+3 7E-7 2E-9 - -
Y, see'Ag - 2E+3 7E-7 2E-9 - -
47  Silver-106m D, se¥’Ag 8E+2 7E+2 3E-7 1E-9 1E-5 1E-4
W, see®Ag - OE+2 4E-7 1E-9 - -
Y, see'Ag - OE+2 4E-7 1E-9 - -
47  Silver-106 D, see’“Ag 6E+4 2E+5 8E-5 3E-7 - -
St. Wall
(6E+4) - - - 9E-4  9E-3
W, see'%Ag - 2E+5 9E-5 3E-7 - -
Y, see'®Ag - 2E+5 8E-5 3E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
47  Silver-108m D, set“Ag 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5
W, see®Ag - 3E+2 1E-7 4E-10 - -
Y, see'®Ag - 2E+1 1E-8 3E-11 - -
47  Silver-110m D, set’Ag 5E+2 1E+2 5E-8 2E-10 6E-6  6E-5
W, see'%Ag - 2E+2 8E-8 3E-10 - -
Y, see'®Ag - OE+1 4E-8 1E-10 - -
47  Silver-111 D, se€?Ag 9E+2 2E+3 6E-7 - - -
LLI wall Liver
(1IE+3) (2E+3) - 2E-9 2E-5 2E-4
W, see'%Ag - OE+2 4E-7 1E-9 - -
Y, see'®Ag - OE+2 4E-7 1E-9 - -
47  Silver-112 D, se€?Ag 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see®Ag - 1E+4 4E-6 1E-8 - -
Y, see'®Ag - OE+3 4E-6 1E-8 - -
47  Silver-115 D, see'%Ag 3E+4 9E+4 4E-5 1E-7 - -
St wall
(3E+4) - - - AE-4  4E-3
W, see®Ag - OE+4 4E-5 1E-7 - -
Y, see'®Ag - 8E+4 3E-5 1E-7 - -
48  Cadmium-10% D, all compound
excepthose give
forwandY 2E+4 TE+4 3E-5 9E-8 3E-4 3E-3
W, sulfides,
halides, and
nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and
hydroxides - 1E+5 5E-5 2E-7 - -
48  Cadmium-107 D, sé€é‘Cd 2E+4 5E+4 2E-5 8E-8 3E-4 3E-3
W, see?®Cd - 6E+4 2E-5 8E-8 - -
Y, see’®Cd - 5E+4 2E-5 7E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
48 Cadmium-109 D, sé&Cd 3E+2 4E+1 1E-8 - - -
KidneysKidneys
(A4E+2) (BE+1) - 7E-11 6E-6  6E-5
W, see®Cd - 1E+2 5E-8 - - -
Kidneys
- (1E+2) - 2E-10 - -
Y, see'*Cd - 1E+2 5E-8 2E-10 - -
48 Cadmium-113m D, séé'cd 2E+1 2E+0 1E-9 - - -
KidneysKidneys
(A4E+1) (A4E+0) - 5E-12 5E-7  5E-6
W, see®Cd - 8E+0 4E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see'*Cd - 1E+1 5E-9 2E-11 - -
48  Cadmium-113 D, séé'cd 2E+1 2E+0 9E-10 - - -
KidneysKidneys
(3E+1) (3E+0) - 5E-12 4E-7  4E-6
W, see®Cd - 8E+0 3E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see'*Cd - 1E+1 6E-9 2E-11 - -
48  Cadmium-115m D, sé&‘cd 3E+2 GE+1 2E-8 - 4E-6  4E-5
Kidneys
- (8E+1) - 1E-10 - -
W, see®Cd - 1E+2 5E-8 2E-10 - -
Y, see'*Cd - 1E+2 6E-8 2E-10 - -
48 Cadmium-115 D, séé'cd 9E+2 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
W, see®Cd - 1E+3 5E-7 2E-9 - -
Y, see'*Cd - 1E+3 6E-7 2E-9 - -
48  Cadmium-117m D, sé&'Cd 5E+3 1E+4 5E-6 2E-8 6E-5 6E-4
W, see®Cd - 2E+4 T7E-6 2E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, see™Cd - 1E+4 6E-6 2E-8 - -
48  Cadmium-117 D, séé'cd 5E+3 1E+4 5E-6 2E-8 6E-5  6E-4
W, see®Cd - 2E+4 7E-6 2E-8 - -
Y, see'*Cd - 1E+4 6E-6 2E-8 - -
49 Indium-109 D, all compound
excepthose give
for W 2E+4 4E+4 2E-5 6E-8 3E-4  3E-3
W, oxides,
hydroxides,
halides, and
nitrates - 6E+4 3E-5 9E-§ - -
49 Indium-1168 D, see'®n 2E+4 AE+4 2E-5 6E-8 2E-4  2E-3
(69.1 min) W, seé®n - 6E+4 2E-5 8E-8 - -
49 Indium-110 D, se®In S5E+3 2E+4 T7E-6 2E-8 T7E-5 7E-4
(4.9 h) W, seé”in - 2E+4 8E-6  3E-8 - -
49 Indium-111 D, se¥¥n 4AE+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, see®n - 6E+3 3E-6 9E-9 - -
49 Indium-113 D, see'®n 2E+5 6E+5 3E-4 9E-7 2E-3  2E-2
W, see®n - 7E+5 3E-4 1E-6 - -
49 Indium-113rf D, see'®n 5E+4 1E+5 6E-5 2E-7 7E-4  7E-3
W, see®n - 2E+5 8E-5 3E-7 - -
49 Indium-114m D, se¥In 3E+2 6E+1 3E-8 O9E-11 - -
LLI wall
(4E+2) - - - 5E-6  5E-5
W, see?®n - 1E+2 4E-8 1E-10 - -
49 Indium-115m D, se®¥’n 1E+4 AE+4 2E-5 6E-8 2E-4  2E-3
W, seé®n - 5E+4 2E-5 7E-8 - -
49 Indium-115 D, se®’n 4E+1 1E+0 6E-10 2E-12 5E-7  5E-6
W, seen - 5E+0 2E-9 8E-12 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
49 Indium-116rf D, see®n 2E+4 8E+4 3E-5 1E-7 3E-4  3E-3
W, see®n - 1E+5 5E-5 2E-7 - -
49 Indium-117rh D, see'®n 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, see®n - 4E+4 2E-5 6E-8 - -
49 Indium-117 D, see®n 6E+4 2E+5 7E-5 2E-7 8E-4  8E-3
W, see®n - 2E+5 9E-5 3E-7 - -
49 Indium-119rh D, see'®n AE+4 1E+5 5E-5 2E-7 - -
St wall
(5E+4) - - - 7E-4  T7E-3
W, see¥n - 1E+5 6E-5 2E-7 - -
50 Tin-110 D, all compound
excepthose give
for W 4E+3 1E+4 G5E-6 2E-8 G5E-5 5E-4
W, sulfides,
oxides,
hydroxides,
halides, nitrates,
and stannic
phosphat - 1E+4 5E-6 2E-8 - -
50 Tin-117% D, see'*%n 7E+4 2E+5 9E-5 3E-7 1E-3  1E-2
W, se€Sn - 3E+5 1E-4  4E-7 - -
50  Tin-113 D, seé'sSn 2E+3 1E+3 5E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, see€'sn - 5E+2 2E-7 8E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
50 Tin-117m D, se&%Sn 2E+3 1E+3 5E-7 - - -
Bone
LLI wal surf
(2E+3) (2E+3) - 3E-9 3E-5 3E-4
W, se€Sn - 1E+3 6E-7 2E-9 - -
50  Tin-119m D, se&'sn 3E+3 2E+3 1E-6 3E-9 - -
LLI wall
(4E+3) - - - 6E-5  6E-4
W, se€Sn - 1E+3 4E-7 1E-9 - -
50  Tin-121m D, se&'sn 3E+3 9E+2 4E-7  1E-9 - -
LLI wall
(4E+3) - - - 5E-5 5E-4
W, see'Sn - 5E+2 2E-7 8E-10 - -
50  Tin-121 D, seé*%n 6E+3 2E+4 6E-6 2E-8§ - -
LLI wall
(6E+3) - - - 8E-5 8E-4
W, se€Sn - 1E+4 5E-6 2E-8 - -
50  Tin-123mM D, see'*%n 5E+4 1E+5 5E-5 2E-7 7E-4  7E-3
W, see€'sn - 1E+5 6E-5 2E-7 - -
50  Tin-123 D, seé*%n 5E+2 6E+2 3E-7 9E-10 - -
LLI wall
(6E+2) - - - 9E-6  9E-5
W, se€'sn - 2E+2 7E-8 2E-10 - -
50 Tin-125 D, seé'¥sn 4E+2 9E+2 4E-7 1E-9 - -
LLI wall
(5E+2) - - - 6E-6  6E-5
W, see'Sn - 4E+2 1E-7 5E-10 - -
50 Tin-126 D, seé*%n 3E+2 6E+1 2E-8 8E-11 4E-5 4E-5
W, see€Sn - 7E+1 3E-8 9E-11 - -
50  Tin-127 D, seé*%n 7E+3 2E+4 8E-6 3E-8 O9E-5 9E-4
REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
W, see’¥sn - 2E+4 8E-6 3E-8 - -
50  Tin-128 D, see'*%n 9E+3 3E+4 1E-5 4E-8 1E-4  1E-3
W, se€Sn - 4E+4 1E-5 5E-8 - -
51  Antimony-115 D, all compounc
except thoseigen
for W 8E+4 2E+5 1E-4 3E-7 1E-3  1E-2
W, oxides,
hydroxides,
halides, sulfides,
sulfates, and
nitrates - 3E+5 1E-4 4E-7 - -
51  Antimony-116ri D, see'**Sh 2E+4 7E+4 3E-5 1E-7 3E-4  3E-3
W, see€**Sh - 1E+5 6E-5 2E-7 - -
51  Antimony-116 D, see'’*Sh 7E+4 3E+5 1E-4  4E-7 - -
St wall
(9E+4) - - - 1E-3  1E-2
W, se€*Sh - 3E+5 1E-4 5E-7 - -
51  Antimony-117 D, se&“Sh 7E+4 2E+5 9E-5 3E-7 9E-4  9E-3
W, se€*>Sh - 3E+5 1E-4 4E-7 - -
51  Antimony-118m D, se€"Sb 6E+3 2E+4 8E-6 3E-8& T7E-5 7E-4
W, see'’*sh 5E+3 2E+4 O9E-6 3E-8§ - -
51  Antimony-119 D, se&”Sh 2E+4 5E+4 2E-5 6E-&8 2E-4  2E-3
W, se€*>Sb 2E+4 3E+4 1E-5 4E-8§ - -
51  Antimony-126 D, see'’*Sh 1E+5 4E+5 2E-4  6E-7 - -
(16 min) St wall
(2E+5) - - - 2E-3  2E-2
W, se€*>Sb - 5E+5 2E-4  7E-7 - -
51  Antimony-120 D, seE”Sh 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
(5.76 d) W, seé'>Sb 9E+2 1E+3 5E-7 2E-9 - -
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Table | Table Il Table Il

Effluent Releases to

Occupational Values Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral

Ingestion Inhalation Monthly

Average

Atomic ALI ALl DAC Air Water Concentration

No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)

51  Antimony-122 D, se&°Sb 8E+2 2E+3 1E-6 3E-9 - -
LLI wall

(8E+2) - - - 1E-5 1E-4

W, se€*Sh 7E+2 1E+3 4E-7 2E-9 - -

51  Antimony-124mh D, se€"’>Sb 3E+5 8E+5 4E-4 1E-6 3E-3  3E-2

W, see*>Sb 2E+5 6E+5 2E-4 8E-7 - -

51  Antimony-124 D, se&”sSh 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5

W, se€*Sh 5E+2 2E+2 1E-7 3E-10 - -

51  Antimony-125 D, se&“Sb 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4

W, see*>Sb - 5E+2 2E-7 7E-10 - -

51  Antimony-126ri D, se€**Sh 5E+4 2E+5 8E-5 3E-7 - -
St wall

(TE+4) - - - OE-4  9E-3

W, see€**Sh - 2E+5 8E-5 3E-7 - -

51  Antimony-126 D, se&”Sb 6E+2 1E+3 5E-7 2E-9 T7E-6 7E-5

W, se€*Sh 5E+2 G5E+2 2E-7 7E-10 - -

51  Antimony-127 D, se&”sSh 8E+2 2E+3 9E-7 3E-9 - -
LLI wall

(8E+2) - - - 1E-5 1E-4

W, see*>Sh 7E+2 9E+2 4E-7  1E-9 - -

51  Antimony-128 D, see'’*Sh 8E+4 4E+5 2E-4 5E-7 - -
(20.4 min) St wall

(1E+5) - - - 1E-3  1E-2

W, see'**Sh - 4E+5 2E-4  6E-7 - -

51  Antimony-128 D, se&Sh 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4

(9.01 h) W, seé™Sh - 3E+3 1E-6 5E-9 - -

51  Antimony-129 D, se&®Sh 3E+3 9E+3 4E-6 1E-8 4E-5  4E-4

W, se€*>Sb - OE+3 4E-6 1E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
51  Antimony-136 D, see"'°Sb 2E+4 6E+4 3E-5 9E-& 3E-4 3E-3
W, see'>Sh - 8E+4 3E-5 1E-7 - -
51  Antimony-13% D, see'’*Sh 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid
(2E+4) (4E+4) - 6E-8 2E-4 2E-3
W, se€'**Sh - 2E+4  1E-5 - -
Thyroid
- (4E+4) - 6E-8 - -
52 Tellurium-116 D, all compound
excepthose give
for W 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, oxides,
hydroxides, and
nitrates - 3E+4  1E-5 4E-8 - -
52  Tellurium-121m D, se€’Te 5E+2 2E+2 8E-8 - - -
Bone Bone
surf surf
(7TE+2) (4E+2) - 5E-10 1E-5 1E-4
W, see®Te - 4E+2 2E-7 6E-10 - -
52 Tellurium-121 D, setTe 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see"®Te - 3E+3 1E-6 4E-9 - -
52  Tellurium-123m D, se€Te 6E+2 2E+2 9E-8 - - -
Bone Bone
surf surf
(1E+3) (BE+2) - 8E-10 1E-5 1E-4
W, see'®Te - 5E+2 2E-7 8E-10 - -
52  Tellurium-123 D, seETe 5E+2 2E+2 8E-8 - - -
Bone Bone
surf surf
(1E+3) (BE+2) - 7E-10 2E-5 2E-4
W, see'*Te - AE+2  2E-7 - - -
Bone
- surf - 2E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(1E+3)
52  Tellurium-125m D, seB®Te 1E+3 4E+2 2E-7 - - -
Bone Bone
surf surf
(1E+3) (1E+3) - 1E-9 2E-5 2E-4
W, see*’Te - 7E+2 3E-7 1E-9 - -
52  Tellurium-127m D, see’Te 6E+2 3E+2 1E-7 - 9E-6  9E-5
Bone
surf
- (4E+2) - 6E-10 - -
W, see’Te - 3E+2 1E-7 4E-10 - -
52  Tellurium-127 D, set*Te 7E+3 2E+4 OE-6 3E-8 1E-4  1E-3
W, se€’’Te - 2E+4 7E-6 2E-8 - -
52  Tellurium-129m D, seE®Te 5E+2 6E+2 3E-7 O9E-10 7E-6  7E-5
W, see'’Te - 2E+2 1E-7 3E-10 - -
52  Tellurium-129 D, see'*’Te 3E+4 6E+4 3E-5 9E-8§ 4E-4  4E-3
W, se€’’Te - 7E+4 3E-5 1E-7 - -
52  Tellurium-131m D, se€’Te 3E+2 4E+2 2E-7 - - -
Thyroid Thyroid
(6E+2) (1E+3) - 2E-9 8E-6 8E-5
W, see'®Te - AE+2  2E-7 - - -
Thyroid
- (9E+2) - 1E-9 - -
52  Tellurium-13% D, see'’Te 3E+3 G5E+3 2E-6 - - -
Thyroid Thyroid
(6E+3) (1E+4) - 2E-8 8E-5 8E-4
W, see'®Te - 5E+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI

Office of Health Protection
Division of Radiological Health



95

Atomic
No.

Radionuclide

Table | Table Il
Effluent
Concentrations

Col. 1 Col. 2

Table Il
Releases to
Occupational Values Sewers
Col. 1 Col. 2 Col. 3
Oral

Ingestion Inhalation

Monthly
Average
Concentration

(uCi/ml)

ALI ALl
(uCi)l (uCi)

DAC Air
(uCilml)  (uCi/ml)

Water

Class (uCi/ml)

52

52

52

52

53

53

53

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI

Tellurium-132

Tellurium-133m

Tellurium-133

Tellurium-134

lodine-120rh

lodine-126

lodine-121

D, se&Te 2E+2 2E+2
Thyroid Thyroid
(TE+2) (8E+2) - 1E-9 9E-6 9E-5
W, se€’’Te - 2E+2  9E-8 - - -
Thyroid
- (6E+2) -

9E-8 - - -

9E-10 - -

D, see™Te 3E+3 5E+3

Thyroid Thyroid

(6E+3) (1E+4) - 2E-8

W, se€*°Te - 5E+3  2E-6 - - -
Thyroid

- (1E+4) -

2E-6 - - -

2E-8 - -

D, see'*Te 1E+4 2E+4

Thyroid Thyroid

(3E+4) (6E+4) - 8E-8

W, see'*Te - 2E+4  9E-6 - - -
Thyroid

- (6E+4) -

9E-6 - - -

8E-8 - -

D, see'Te 2E+4 2E+4

Thyroid Thyroid

(2E+4) (BE+4) - 7E-8

W, seé*°Te - 2E+4  1E-5 - - -
Thyroid

- (5E+4) -

1E-5 - - -

7E-8 - -

D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid

(1E+4) - - - 2E-4  2E-3

D, all compounds 4E+3 9E+3  4E-6 - - -
Thyroid Thyroid
(8E+3) (1E+4) - 2E-8 1E-4 1E-3
D, all compoundslE+4 2E+4  8E-6 - - -
Thyroid Thyroid - 7E-8 4E-4 4E-3

Office of Health Protection
Division of Radiological Health
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)

(3E+4) (BE+4)

53 lodine-123 D, all compounds3E+3 6E+3  3E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 2E-8 1E-4 1E-3

53 lodine-124 D, all compoundsE+1 8E+1  3E-8 - - -
Thyroid Thyroid
(2E+2) (3E+2) - 4E-10 2E-6 2E-5

53 lodine-125 D, all compounds4E+1 6E+1  3E-8 - - -
Thyroid Thyroid
(1E+2) (2E+2) - 3E-10 2E-6 2E-5

53 lodine-126 D, all compound?E+1 4E+1 1E-8 - - -
Thyroid Thyroid
(7TE+1) (1E+2) - 2E-10 1E-6 1E-5

53 lodine-128 D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3

53 lodine-129 D, all compoundssE+0  9E+0  4E-9 - - -
Thyroid Thyroid
(2E+1) (3E+1) - 4E-11  2E-7 2E-6

53 lodine-130 D, all compounds4E+2 7E+2  3E-7 - - -
Thyroid Thyroid
(1E+3) (2E+3) - 3E-9 2E-5 2E-4

53 lodine-131 D, all compounds3E+1 5E+1  2E-8 - - -
Thyroid Thyroid
(9E+1) (2E+2) - 2E-10 1E-6 1E-5

53  lodine-132rh D, all compounds 4E+3 8E+3  4E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 3E-8 1E-4  1E-3

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
Division of Radiological Health
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
53 lodine-132 D, all compounds4E+3 8E+3  3E-6 - - -
Thyroid Thyroid
(9E+3) (1E+4) - 2E-8 1E-4 1E-3
53 lodine-133 D, all compoundslE+2 3E+2  1E-7 - - -
Thyroid Thyroid
(5E+2) (9E+2) - 1E-9 7E-6 7E-5
53  lodine-134 D, all compounds 2E+4 5E+4 2E-5 6E-8 - -
Thyroid
(3E+4) - - - 4E-4 4E-3
53 lodine-135 D, all compounds8E+2 2E+3 7E-7 - - -
Thyroid Thyroid
(BE+3) (4E+3) - 6E-9 3E-5 3E-4
54 Xenon-126 Submersioh - - 1E-5 4E-8 - -
54  Xenon-121 Submersioh - - 2E-6 1E-8 - -
54 Xenon-122 Submersibn - - 7E-5 3E-7 - -
54 Xenon-123 Submersibn - - 6E-6 3E-8 - -
54  Xenon-125 Submersibn - - 2E-5 7E-8 - -
54 Xenon-127 Submersibn - - 1E-5 6E-8 - -
54 Xenon-129m Submersibn - - 2E-4  9E-7 - -
54 Xenon-131m Submersibn - - 4E-4 2E-6 - -
54  Xenon-133m Submersibn - - 1E-4  6E-7 - -
54  Xenon-133 Submersidn - - 1E-4  5E-7 - -
54  Xenon-135mh Submersioh - - OE-6 4E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
54  Xenon-135 Submersibn - - 1E-5 7E-8 - -
54 Xenon-138 Submersioh - - 4E-6 2E-8 - -
55 Cesium-125 D, all compounds 5E+4 1E+5 6E-5 2E-7 - -
57  Lanthanum-131 D, all compound
except those give
for W 5E+4 1E+5 B5E-5 2E-7 6E-4  6E-3
W, oxides and
hydrides - 2E+5 T7E-5 2E-7 - -
57 Lanthanum-132 D, séé'La 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
W, see”La - 1E+4 5E-6 2E-8 - -
57 Lanthanum-135 D, séé'La 4AE+4 1E+5 4E-5 1E-7 5E-4  5E-3
W, seelLa - OE+4 4E-5 1E-7 - -
57 Lanthanum-137 D, séé'La 1E+4 6E+1 3E-8 - 2E-4  2E-3
Liver
- (TE+1) - 1E-10 - -
W, see”La - 3E+2 1E-7 - - -
Liver
- (BE+2) - 4E-10 - -
57 Lanthanum-138 D, séé'La OE+2 4E+0 1E-9 5E-12 1E-5 1E-4
W, see”La - 1E+1 6E-9 2E-11 - -
57 Lanthanum-140 D, séé'La 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, see”La - 1E+3 5E-7 2E-9 - -
57 Lanthanum-141 D, séé'La 4E+3 O9E+3 4E-6 1E-8 5E-5 5E-4
W, see”La - 1E+4 5E-6 2E-8 - -
57 Lanthanum-142 D, se€™'La 8E+3 2E+4 9E-6 3E-8 1E-4  1E-3
W, see”!La - 3E+4 1E-5 5E-8 - -
57 Lanthanum-143 D, see®*La AE+4 1E+5 4E-5  1E-7 - -
St wall
(4E+4) - - - 5E-4  5E-3
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
W, see®lLa - OE+4 4E-5 1E-7 - -
58 Cerium-134 W, all compounc
except thos giver
for Y 5E+2 7E+2 3E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E-6  8E-5
Y, oxides,
hydroxides and
fluorides, - 7E+2 3E-7 9E-10 - -
58  Cerium-135 W, seB’Ce 2E+3 4E+3 2E-6 5E-9 2E-5 2E-4
Y, seet*Ce - 4E+3 1E-6 5E-9 - -
58  Cerium-137m W, seé’Ce 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, seet*Ce - 4E+3 2E-6 5E-9 - -
58  Cerium-137 W, seB’Ce 5E+4 1E+5 6E-5 2E-7 7E-4  7E-3
Y, seet*Ce - 1E+5 B5E-5 2E-7 - -
58  Cerium-139 W, seg’Ce 5E+3 8E+2 3E-7 1E-9 7E-5 7E-4
Y, see**'Ce - 7E+2 3E-7 9E-10 - -
58  Cerium-141 W, seB’Ce 2E+3 7E+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see**Ce - 6E+2 2E-7 8E-10 - -
58  Cerium-143 W, segCe 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, seet*Ce - 2E+3 7E-7 2E-9 - -
58 Cerium-144 W, seg’Ce 2E+2 3E+1 1E-8 4E-11 - -
LLI wall
(3E+2) - - - 3E-6 3E-5
REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection

Division of Radiological Health
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, see™"Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium-136W, all compound
excepthose give
for Y 5E+4 2E+5 1E-4  3E-7 - -
St wall
(TE+4) - - - 1E-3  1E-2
Y, oxides,
hydroxides
carbides, and
fluorides, - 2E+5 9E-5 3E-7 - -
59  Praseodymium-137W, see"*%Pr 4E+4 2E+5 6E-5 2E-7 5E-4  5E-3
Y, seet*%Pr - 1E+5 6E-5 2E-7 - -
59  Praseodymium38m\W, see**%Pr 1E+4 5E+4 2E-5 8E-8 1E-4  1E-3
Y, see**%Pr - AE+4 2E-5 6E-8 - -
59 Praseodymium-139 W, s&&r 4E+4 1E+5 5E-5 2E-7 6E-4  6E-3
Y, seet*%Pr - 1E+5 5E-5 2E-7 - -
59 Praseodymium-
142nf W, see%Pr 8E+4 2E+5 7E-5 2E-7 1E-3  1E-2
Y, see*%Pr - 1E+5 6E-5 2E-7 - -
59  Praseodymium-142 W, sE&r 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
Y, see™*%Pr - 2E+3 8E-7 3E-9 - -
59  Praseodymium-143 W, sE&r OE+2 8E+2 3E-7 1E-9 - -
LLI wall
(LE+3) - - - 2E-5 2E-4
Y, see’*%Pr - 7E+2 3E-7 9E-10 - -
59  Praseodymium-144W, see**%Pr 3E+4 1E+5 5E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4  6E-3
Y, see**%Pr - 1E+5 B5E-5 2E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
59  Praseodymium-145 W, sE&r 3E+3 O9E+3 4E-6 1E-8 4E-5 4E-4
Y, see"%Pr - 8E+3 3E-6 1E-8 - -
59  Praseodymium-147W, see"**Pr 5E+4 2E+5 8E-5 3E-7 - -
St wall
(BE+4) - - - 1E-3  1E-2
Y, see®*%r - 2E+5 8E-5 3E-7 - -
60  Neodymiun-136° W, all compound
excepthose give
for Y 1E+4 6E+4 2E-5 B8E-8 2E-4 2E-3
Y, oxides,
hydroxides,
carbides, and
fluorides - BbE+4 2E-5 8E-8 - -
60  Neodymiun-138 W, seé*Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, see™Nd - 5E+3 2E-6 7E-9 - -
60  Neodymiun-139m W, seé*Nd 5E+3 2E+4 7E-6 2E-8 T7E-5  7E-4
Y, see**™Nd - 1E+4 6E-6 2E-8 - -
60  Neodymiun-13% W, se€“Nd 9E+4 3E+5 1E-4 5E-7 1E-3  1E-2
Y, see™Nd - 3E+5 1E-4  4E-7 - -
60  Neodymium-141 W, se€*Nd 2E+5 7E+5 3E-4 1E-6 2E-3  2E-2
Y, see™Nd - 6E+5 3E-4 9E-7 - -
60  Neodymiun-147 W, seé*Nd 1E+3 9E+2 4E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see™Nd - 8E+2 4E-7 1E-9 - -
60  Neodymiun-14% W, seé*Nd 1E+4 3E+4 1E-5 4E-8 1E-4  1E-3
Y, see™Nd - 2E+4 1E-5 3E-8 - -
60  Neodymiun-152° W, se€*Nd 7E+4 2E+5 8E-5 3E-7 9E-4  9E-3
Y, see™Nd - 2E+5 8E-5 3E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
61  Promethium-141 W, all compound
except thosgiver
forY 5E+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 8E-4  8E-3
Y, oxides,
hydroxides
carbides, and
fluorides - 2E+5 T7E-5 2E-7 - -
61 Promethium-143 W, sé&Pm 5E+3 6E+2 2E-7 8E-10 7E-5 7E-4
Y, see“Pm - 7E+2 3E-7 1E-9 - -
61 Promethium-144 W, sé&Pm 1E+3 1E+2 B5E-8 2E-10 2E-5 2E-4
Y, see“Pm - 1E+2 5E-8 2E-10 - -
61 Promethium-145 W, sé&Pm 1E+4 2E+2 7E-8 - 1E-4  1E-3
Bone
surf
- (2E+2) - 3E-10 - -
Y, see“Pm - 2E+2 8E-8 3E-10 - -
61 Promethium-146 W, sé&Pm 2E+3 B5E+1 2E-8 7E-11 2E-5 2E-4
Y, see*Pm - 4E+1 2E-8 6E-11 - -
61 Promethium-147 W, sé&Pm 4E+3 1E+2 5E-8 - - -
Bone
LLI wall surf
(5E+3) (2E+2) - 3E-10 7E-5 7E-4
Y, see“Pm - 1E+2 6E-8 2E-10 - -
61 Promethium-148m W, sé8Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E-4
Y, see“Pm - 3E+2 1E-7 5E-10 - -
61 Promethium-148 W, sé&Pm 4E+2 5E+2 2E-7 8E-10 - -
LLI wall
(5E+2) - - - 7E-6  7E-5
Y, see“Pm - 5E+2 2E-7 7E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
61  Promethium-149 W, sé&Pm 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see"*'Pm - 2E+3 8E-7 2E-9 - -
61  Promethium-150 W, sé&Pm 5E+3 2E+4 8E-6 3E-& T7E-5 7E-4
Y, see*'Pm - 2E+4 T7E-6  2E-8 - -
61  Promethium-151 W, sé&Pm 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
Y, see"*'Pm - 3E+3 1E-6 4E-9 - -
62 Samarium-141Mm W, all compounds3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
62 Samarium-141 W, all compounds5E+4 2E+5 8E-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
62 Samarium-142 W, all compounds8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
62 Samarium-145 W, all compoundsE+3 5E+2 2E-7 7E-10 8E-5 8E-4
62 Samarium-146 W, all compoundsE+1  4E2  1E-11 - - -
Bone Bone
surf surf (6E
(3E+1) 2) - 9E-14 3E-7 3E-6
62 Samarium-147 W, all compound®e+1  4E-2 2E-11 - - -
Bone Bone
surf surf (7E
(3E+1) 2) - 1E-13 4E-7 4E-6
62 Samarium-151 W, all compoundsE+4  1E+2  4E-8 - - -
Bone
LLI wall surf
(1E+4)l (2E+2) - 2E-10 2E-4 2E-3
62 Samarium-153 W, all compound®e+3 3E+3 1E-6 4E-9 - -
LLIwall - - - 3E-5 3E-4
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(2E+3)
62 Samarium-155 W, all compounds6E+4 2E+5 9E-5  3E-7 - -
St wall
(8E+4) - - - 1E-3 1E-2
62 Samarium-156 W, all compoundsE+3 9E+3 4E-6 1E-8 7E-5 7TE-4
63 Europium-145 W, all compound2E+3 2E+3 8E-7 3E-9 2E-&© 2E-4
63 Europium-146 W, all compound$4E+3 1E+3 5E-7 2E-9 1E-&© 1E-4
63 Europium-147 W, all compound8E+3 2E+3 7E-7 2E-9 4E-5 4E-4
63 Europium-148 W, all compound$4E+3 4E+2 1E-7 5E-10 1E-5 1E-4
63 Europium-149 W, all compound$4E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compound8E+3 8E+3 4E-6 1E-8 4E-%© 4E-4
(12.62 h)
63 Europium-150 W, all compound8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
(34.2y)
63 Europium-152m W, all compound8E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Europium-152 W, all compound8E+2 2E+1 1E-8 3E-11 1E-5 1E-4
63 Europium-154 W, all compoundSE+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-155 W, all compounddE+3 9E+1  4E-8 - 5E-5 5E-4
Bone
surf
- (1E+2) - 2E-10 - -
63 Europium-156 W, all compound6E+2 5E+2 2E-7 6E-10 8E-6 8E-5
63 Europium-157 W, all compound@E+3 5E+3 2E-6 7E-9 3E-5 3E-4
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
63 Europium-158 W, all compounds2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64  Gadolinium-145 D, all compound
except those give
for W 5E+4 2E+5 6E-5 2E-7 - -
St wall
(5E+4) - - - 6E-4 6E-3
W, oxides,
hydroxides, and
fluorides - 2E+5 T7E-5 2E-7 - -
64  Gadolinium-146 D, séé°Gd 1E+3 1E+2 5E-8 2E-10 2E-5 2E-4
W, see"*Gd - 3E+2 1E-7 4E-10 - -
64  Gadolinium-147 D, s€8°Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4
W, see"*Gd - 4E+3 1E-6 5E-9 - -
64  Gadolinium-148 D, sé&°Gd 1E+1 8E+3 3E-12 - - -
Bone Bone
surf surf
(2E+1) (2E+2) - 2E-14 3E-7 3E-6
W, see"Gd - 3E-2 1E-11 - - -
Bone
surf (6&
- 2) - 8E-14 - -
64  Gadolinium-149 D, sé&°Gd 3E+3 2E+3 9E-7 3E-9 4E-5  4E-4
W, see"*Gd - 2E+3 1E-6  3E-9 - -
64  Gadolinium-151 D, s€éGd 6E+3 4E+2 2E-7 - 9E-5  9E-4
Bone
surf
- (6E+2) - 9E-10 - -
W, see"Gd - 1E+3 5E-7 2E-9 - -
64  Gadolinium-152 D, séé°Gd 2E+1 1E-2 4E-12 - - -
Bone Bone
surf surf (2 - 3E-14 4E-7 4E-6
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(3E+1) 2)
W, see"°Gd - 4E-2  2E-11 - - -
- - 1E-13 - -
64  Gadolinium-153 D, sééGd 5E+3 1E+2 6E-8 - 6E-5  6E-4
Bone
surf
- (2E+2) - 3E-10 - -
W, see"°Gd - 6E+2 2E-7 8E-10 - -
64  Gadolinium-159 D, sééGd 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, se€**Gd - 6E+3 2E-6 8E-9 - -
65 Terbium-147 W, all compounds9E+3 3E+4 1E-5 5E-8 1E-4 1E-3
65 Terbium-149 W, all compound$E+3 7E+2 3E-7 1E-9 T7E-5 7TE-4
65 Terbium-150 W, all compoundSE+3 2E+4 9E-6 3E-8 T7E-5 7TE-4
65 Terbium-151 W, all compounddE+3 9E+3 4E-6 1E-8 5E-5 5E-4
65 Terbium-153 W, all compound$E+3 7E+3 3E-6 1E-8 T7E-5 7TE-4
65 Terbium-154 W, all compound2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-155 W, all compound§E+3 8E+3 3E-6 1E-8 8E-5 8E-4
65 Terbium-156m W, all compound2E+4 3E+4 1E-5 4E-8 2E-4 2E-3
(5.0 h)
65 Terbium-156m W, all compoundgE+3 8E+3 3E-6 1E-8 1E-4 1E-3
(24.4 h)
65 Terbium-156 W, all compound4E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbium-157 W, all compound$E+4  3E+2  1E-7 - - -
LLI wall Bone
(5E+4) surf - 8E-10 7E-4 7E-3
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(6E+2)
65 Terbium-158 W, all compound4E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compound8E+2 2E+2 9E-8 3E-10 1E-5 1E-4
65 Terbium-161 W, all compound2E+3 2E+3 7E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4

66 Dysprosium-155 W, all compound®e+3 3E+4 1E-5 4E-8 1E-4 1E-3
66 Dysprosium-157 W, all compound®e+4 6E+4 3E-5 9E-8 3E-4 3E-3
66 Dysprosium-159 W, all compoundsE+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium-165 W, all compoundsE+4 5E+4 2E-5 6E-8 2E-4 2E-3
66 Dysprosium-166 W, all compound8eE+2 7E+2 3E-7  1E-9 - -

LLI wall

(8E+2) - - - 1E-5 1E-4
67 Holmium-155 W, all compounds4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmium-157 W, all compounds3E+5 1E+6 6E-4 2E-6 4E-3 4E-2
67 Holmium-159 W, all compounds2E+5 1E+6 4E-4 1E-6 3E-3 3E-2
67 Holmium-161 W, all compoundd E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Holmium-162rA W, all compounds5E+4 3E+5 1E-4 4E-7 7E-4 7E-3
67 Holmium-162 W, all compounds5E+5 2E+6 1E-3  3E-6 - -

St wall

(8E+5) - - - 1E-2 1E-1
67 Holmium-164h W, all compounds1E+5 3E+5 1E-4 4E-7 1E-3 1E-2

67 Holmium-164 W, all compounds2E+5 6E+5 3E-4  9E-7 - -
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
St wall
(2E+5) - - - 3E-3 3E-2
67 Holmium-166m W, all compound$E+2 7E+0 3E-9 9E-12 9E-6 9E-5
67 Holmium-166 W, all compound®9E+2 2E+3 7E-7 2E-9 - -
LLI wall
(9E+2) - - - 1E-5 1E-4
67 Holmium-167 W, all compound®E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all compound2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-165 W, all compound$E+4 2E+5 8E-5 3E-7 9E-4 9E-3
68 Erbium-169 W, all compound8E+3 3E+3 1E-6 4E-9 - -
LLI wall
(4E+3) - - - 5E-5 S5E-4
68 Erbium-171 W, all compoundgE+3 1E+4 4E-6 1E-8 5E-5 5E-4
68 Erbium-172 W, all compounddE+3 1E+3 6E-7 2E-9 - -
LLI wall
(E+3) - - - 2E-5 2E-4
69 Thulium-162 W, all compounds7E+4  3E+5 1E-4  4E-7 - -
St wall
(7TE+4) - - - 1E-3 1E-2
69 Thulium-166 W, all compound9lE+3 1E+4 6E-6 2E-8 6E-© 6E-4
69 Thulium-167 W, all compoundE+3 2E+3 8E-7 3E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
69 Thulium-170 W, all compounds8E+2 2E+2 9E-8 3E-10 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
69 Thulium-171 W, all compounddE+4 3E+2 1E-7 - - -
Bone
LLI wall surf
(1E+4) (6E+2) - 8E-10 2E-4 2E-3
69 Thulium-172 W, all compound¥E+2 1E+3 5E-7 2E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
69 Thulium-173 W, all compound9lE+3 1E+4 5E-6 2E-8 6E-© 6E-4
69 Thulium-175 W, all compounds7E+4  3E+5 1E-4  4E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
70  Yiterbium-162 W, all compound
excepthose give
forY 7E+4 3E+5 1E-4 4E-7 1E-3 1E-2
Y, oxides,
hydroxides, and
fluorides - 3E+5 1E-4 4E-7 - -
70  Ytterbium-166 W, se¥?Yb 1E+3 2E+3 8E-7 3E-9 2E5 2E-4
Y, see'®¥Yb - 2E+3 8E-7 3E-9 - -
70  Yiterbium-167 W, se€'®?yb 3E+5 8E+5 3E-4 1E-6 4E-3  4E-2
Y, see'®¥b - 7E+5 3E-4 1E-6 - -
70  Ytterbium-169 W, se¥?Yb 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
Y, see'®¥Yb - 7E+2 3E-7 1E-9 - -
70  Ytterbium-175 W, se¥?vb 3E+3 4E+3 1E-6 5E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
Y, see®?Yb - 3E+3 1E-6 5E-9 - -
70  Ytterbium-177 W, see®Yb 2E+4 5E+4 2E-5 7E-8 2E-4  2E-3
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, see™®4b - 5E+4 2E-5 6E-8 - -
70  Ytterbium-178 W, se€®¥Yb 1E+4 AE+4 2E-5 6E-8 2E-4  2E-3
Y, see'®*yb - AE+4 2E-5 5E-8 - -
71 Lutetium-169 W, all compounc
excepthose give
for Y 3E+3 4E+3 2E-6 6E-9 3E-5 3E4
Y, oxides,
hydroxides, and
fluorides - 4E+3 2E-6 6E-9 - -
71 Lutetium-170 W, se€Lu 1E+3 2E+3 9E-7 3E-9 2E-5 2E-4
Y, see'®Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium-171 W, se?Lu 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4
Y, see™®Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium-172 W, se®Lu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
Y, see’®Lu - 1E+3 5E-7 2E-9 - -
71 Lutetium-173 W, sebLu 5E+3 3E+2 1E-7 - 7E-5  7E-4
Bone
surf
- (5E+2) - 6E-10 - -
Y, see'®Lu - 3E+2 1E-7 4E-10 - -
71 Lutetium-174m W, se@Lu 2E+3 2E+2 1E-7 - - -
Bone
LLI wall surf
(3E+3) (BE+2) - 5E-10 4E-5 4E-4
Y, see'®™Lu - 2E+2 9E-8 3E-10 - -
71 Lutetium-174 W, se€%Lu 5E+3 1E+2 5E-8 - 7E-5  7E-4
Bone
surf
- (2E+2) - 3E-10 - -
Y, see'®™Lu - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, se€Lu 8E+3 3E+4 1E-5 3E-8 1E-4  1E-3
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, see™®Lu - 2E+4 9E-6 3E-8 - -
71 Lutetium-176 W, se¥Lu 7E+2 5E+0  2E-9 - 1E-5 1E-4
Bone
surf
- (1E+1) - 2E-11 - -
Y, see'®Lu - 8E+0 3E-9 1E-11 - -
71 Lutetium-177m W, se€Lu 7E+2 1E+2 5E-8 - 1E-5 1E-4
Bone
surf
- (1E+2) - 2E-10 - -
Y, see'®Lu - 8E+1 3E-8 1E-10 - -
71 Lutetium-177 W, se€%Lu 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(3E+3) - - - 4E-5  AE-4
Y, see’®Lu - 2E+3 9E-7 3E-9 - -
71 Lutetium-178 W, see'®Lu S5E+4 2E+5 8E-5 3E-7 - -
St. Wall
(6E+4) - - - 8E-4  8E-3
Y, see'®Lu - 2E+5 7E-5 2E-7 - -
71 Lutetium-178 W, see®Lu 4E+4 1E+5 B5E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4  6E-3
Y, see'®Lu - 1E+5 5E-5 2E-7 - -
71 Lutetium-179 W, seb?Lu 6E+3 2E+4 B8E-6 3E-8 O9E-5 9E-4
Y, see'®™Lu - 2E+4 6E-6 3E-8 - -
72 Hafnium-170 D, all compound
excepthose give
for W 3E+3 6E+3 2E-6 8E-9 4E-5 4E-4
W, oxides,
hydroxides,
carbides, and
nitrates - 5E+3 2E-6 6E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
72 Hafnium-172 D, se€Hf 1E+3 O9E+0 4E-9 - 2E-5 2E-4
Bone
surf
- (2E+1) - 3E-11 - -
W, see " Hf - AE+1 2E-8 - - -
Bone
surf
- (6E+1) - 8E-11 - -
72 Hafnium-173 D, sedHf 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, see " Hf - 1E+4 5E-6 2E-8 - -
72 Hafnium-175 D, setHf 3E+3 9E+2 4E-7 - 4E-5  4E-4
Bone
surf
- (1E+3) - 1E-9 - -
W, see"*Hf - 1E+3 5E-7  2E-9 - -
72 Hafnium-177h D, see'"°Hf 2E+4 6E+4 2E-5 B8E-8 3E-4  3E-3
W, see " Hf - 9E+4 4E-5 1E-7 - -
72 Hafnium-178m D, seEHf 3E+2 1E+0 5E-10 - 3E-6 3E-5
Bone
surf
- (2E+0) - 3E-12 - -
W, see " Hf - 5E+0 2E-9 - -
Bone
surf
- (9E+0) - 1E-11 - -
72 Hafnium-179m D, seEHf 1E+3 3E+2 1E-7 - 1E-5 1E-4
Bone
surf
- (6E+2) - 8E-10 - -
W, see " Hf - 6E+2 3E-7 8E-10 - -
72 Hafnium-180m D, se€Hf 7E+3 2E+4 9E-6 3E-8 1E-4  1E-3
W, see"*Hf - 3E+4 1E-5 4E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
72 Hafnium-181 D, se€ Hf 1E+3 2E+2 7E-8 - 2E-5  2E-4
Bone
surf
- (4E+2) - 6E-10 - -
W, see "*Hf - 4E+2 2E-7 6E-10 - -
72  Hafnium-182h D, see'’™Hf AE+4 OE+4 4E-5 1E-7 5E-4  5E-3
W, see " Hf - 1E+5 6E-5 2E-7 - -
72 Hafnium-182 D, set*Hf 2E+2 8E-1 3E-10 - - -
Bone Bone
surf surf
(4E+2) (2E+0) - 2E-12 5E-6 5E-5
W, see'"*Hf - 3E+0 1E-9 - - -
Bone
surf
- (7E+0) - 1E-11 - -
72 Hafnium-183 D, see*’*Hf 2E+4 5E+4 2E-5 6E-8 3E-4  3E-3
W, se€ "*Hf - 6E+4 2E-5 8E-8 - -
72 Hafnium-184 D, se€ Hf 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, see"*Hf - 6E+3 3E-6 9E-9 - -
73 Tantalum-172 W, all compound
excepthose give
forY 4E+4 1E+45 5E-5 2E-7 5E-4 5E-3
Y, elemental Ta,
oxides,
hydroxides,
halides, carbides;,
nitrates, and
nitrides - 1E+5 4E-5 1E-7 - -
73 Tantalum-173 W, séé’Ta 7E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, see'’*Ta - 2E+4 7E-6 2E-8 - -
73  Tantalum-174 W, see'"“Ta 3E+4 1E+5 4E-5 1E-7 4E-4  4E-3
Y, see'’*Ta - OE+4 4E-5 1E-7 - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
73 Tantalum-175 W, séé’Ta 6E+3 2E+4 T7E-6 2E-8 8E-5 8E-4
Y, see'’Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, s€é’Ta 4E+3 1E+4 5E-6 2E-8 5E-5 5E-4
Y, seet’*Ta - 1E+4 5E-6 2E-8 - -
73 Tantalum-177 W, séé’Ta 1E+4 2E+4 8E-6 3E-8 2E-4 2E-3
Y, see'’Ta - 2E+4 T7E-6 2E-8 - -
73 Tantalum-178 W, s€é’Ta 2E+4 OE+4 4E-5 1E-7 2E-4 2E-3
Y, see!’*Ta - 7E+4 3E-5 1E-7 - -
73 Tantalum-179 W, s€é’Ta 2E+4 5E+3 2E-6 8E-9 3E-4  3E-3
Y, see'’*Ta - OE+2 4E-7 1E-9 - -
73 Tantalum-180m W, sééTa 2E+4 T7E+4 3E-5 O9E-8 3E-4  3E-3
Y, seet’*Ta - 6E+4 2E-5 8E-8 - -
73 Tantalum-180 W, s€é’Ta 1E+3 4E+2 2E-7 6E-10 2E-5 2E-4
Y, see'’*Ta - 2E+1 1E-8 3E-11 - -
73 Tantalum-182m W, se€’“Ta 2E+5 5E+5 2E-4 8E-7 - -
St wall
(2E+5) - - - 3E-3 3E-2
Y, see'’*Ta - 4E+5 2E-4 6E-7 - -
73 Tantalum-182 W, s€é’Ta 8E+2 3E+2 1E-7 B5E-10 1E-5 1E-4
Y, see'’Ta - 1E+2 6E-8 2E-10 - -
73 Tantalum-183 W, séé’Ta OE+2 1E+3 5E-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see'’Ta - 1E+3 4E-7 1E-9 - -
73 Tantalum-184 W, séé’Ta 2E+3 5E+3 2E-6 8E-9 3E-5 3E-4
Y, see'’“Ta - 5E+3 2E-6 7E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
73  Tantalum-185 W, see "“Ta 3E+4 7E+4 3E-5 1E-7 4E-4  4E-3
Y, see'’“Ta - 6E+4 3E-5 9E-8 - -
73 Tantalum-186 W, see'’“Ta 5E+4 2E+5 1E-4  3E-7 - -
St wall
(7TE+4) - - - 1E-3 1E-2
Y, see'’*Ta - 2E+5 9E-5 3E-7 - -
74 Tungsten-176 D, all compound4E+4 5E+4 2E-5 7E-8 1E-4 1E-3
74 Tungsten-177 D, all compound2E+4 9E+4 4E-5 1E-7 3E-4 3E-3
74 Tungsten-178 D, all compoundSE+3 2E+4 8E-6 3E-8 7E-5 7TE-4
74 Tungsten-179 D, all compounds 5E+5 2E+6 7E-4 2E-6 7E-3 7TE-2
74 Tungsten-181 D, all compound2E+4 3E+4 1E-5 5E-8 2E-4 2E-3
74 Tungsten-185 D, all compound2E+3 7E+3 3E-6  9E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
74 Tungsten-187 D, all compound2E+3 9E+3 4E-6 1E-8 3E-5 3E-4
74 Tungsten-188 D, all compounddE+2 1E+3 5E-7 2E-9 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
75  Rhenium-177 D, all compound
except those give
for W 9E+4 3E+5 1E-4 4E-7 - -
St wall
(1E+5) - - - 2E-3 2E-2
W, oxides,
hydroxides, and
nitrates - 4E+5 1E-4  5E-7 - -
75  Rhenium-178 D, see'’'Re 7E+4 3E+5 1E-4  4E-7 - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
A
Atomic ALI ALI DAC Air Water Con\ég:ftlgion
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
St wall
(1E+5) - - - 1E-3 1E-2
W, see'’'Re - 3E+5 1E-4 4E-7 - -
75 Rhenium-181 D, s€é'Re 5E+3 OE+3 4E-6 1E-8 7E-5 7E-4
W, see’Re - OE+3 4E-6 1E-8 - -
75 Rhenium-182 D, séé'Re 7E+3 1E+4 5E-6 2E-& 9E-5 9E-4
(12.7 h) W, seé’'Re - 2E+4 6E-6 2E-8 - -
75 Rhenium-182 D, s€é'Re 1E+3 2E+3 1E-6 3E-9 2E-5 2E-4
(64.0 h) W, seé’'Re - 2E+3 9E-7  3E-9 - -
75 Rhenium-184m D, séé'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see’Re - 4E+2 2E-7 6E-10 - -
75 Rhenium-184 D, s€é'Re 2E+3 4E+3 1E-6 5E-9 3E-5 3E-4
W, see’Re - 1E+3 6E-7 2E-9 - -
75 Rhenium-186m D, sééRe 1E+3 2E+3 T7E-7 - - -
Stwall St wall
(2E+3) (2E+3) - 3E-9 2E-5 2E-4
W, see’Re - 2E+2 6E-8 2E-10 - -
75 Rhenium-186 D, séé'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see’Re - 2E+3 7E-7 2E-9 - -
75 Rhenium-187 D, s€é'Re 6E+5 8E+5 4E-4 - 8E-3 8E-2
St wall
- (9E+5) - 1E-6 - -
W, see’Re - 1E+5 4E-5 1E-7 - -
75 Rhenium-188M D, see'’'Re 8E+4 1E+5 6E-5 2E-7 1E-3 1E-2
W, see’Re - 1E+5 6E-5 2E-7 - -
75 Rhenium-188 D, séé'Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4
W, se€’Re - 3E+3 1E-6 4E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
75 Rhenium-189 D, séé'Re 3E+3 5E+3 2E-6 T7E-9 4E-5 4E-4
W, se€’'Re - 4E+3 2E-6 6E-9 - -
76  Osmium-189 D, all compound
excepthose give
for Wand Y 1E+5 4E+5 2E-4 5E-7 1E-3  1E-2
W, halides and
nitrates - 5E+5 2E-4 TE-7 - -
Y, oxides and
hydroxides - 5E+5 2E-4 6E-7 - -
76  Osmium-181 D, see'®0s 1E+4 4E+4 2E-5 6E-8 2E-4  2E-3
W, see®Os - 5E+4 2E-5 6E-8 - -
Y, see’®0s - AE+4 2E-5 6E-8 - -
76 Osmium-182 D, se€8%0s 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W, see®Os - 4E+3 2E-6 6E-9 - -
Y, see’®0s - 4E+3 2E-6 6E-9 - -
76  Osmium-185 D, se&%0s 2E+3 B5E+2 2E-7 7E-10 3E-5 3E-4
W, see®Os - 8E+2 3E-7 1E-9 - -
Y, see’®0s - 8E+2 3E-7 1E-9 - -
76  Osmium-189m D, séé’0s 8E+4 2E+5 1E-4 3E-7 1E-3  1E-2
W, see®Os - 2E+5 9E-5 3E-7 - -
Y, see’®0s - 2E+5 7E-5 2E-7 - -
76 Osmium-191m D, sé8%s 1E+4 3E+4 1E-5 4E-8 2E-4  2E-3
W, see®Os - 2E+4 8E-6 3E-8 - -
Y, see’®0s - 2E+4 7E-6 2E-8 - -
76  Osmium-191 D, se&%0s 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(3E+3) - - - 3E-5 3E-4
W, se€®Os - 2E+3 7E-7 2E-9 - -
Y, see’®0s - 1E+3 6E-7 2E-9 - -
76  Osmium-193 D, se&%0s 2E+3 B5E+3 2E-6 6E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
LLI wall
(2E+3) - - - 2E-5 2E-4
W, see®Os - 3E+3 1E-6 4E-9 - -
Y, see’®®Os - 3E+3 1E-6 4E-9 - -
76 Osmium-194 D, s€8%0s AE+2 4E+1 2E-8 6E-11 - -
LLI wall
(6E+2) - - - 8E-6  8E-5
W, see®Os - 6E+1 2E-8 8E-11 - -
Y, see’®0s - 8E+0 3E-9 1E-11 - -
77 Iridium-182 D, all compound
except those give
for Wand Y 4E+4 1E+5 6E-5 2E-7 - -
St wall
(4E+4) - - - 6E-4  6E-3
W, halides,
nitrates, and
metallic iridium - 2E+5 6E-5 2E-7 - -
Y, oxides and
hydroxides - 1E+5 5E-5 2E-7 - -
77 Iridium-184 D, se&*r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see®r - 3E+4 1E-5 5E-8 - -
Y, see’®r - 3E+4 1E-5 4E-8 - -
77 Iridium-185 D, seé®r 5E+3 1E+4 ©5E-6 2E-8 7E-5 7E-4
W, see®ir - 1E+4 5E-6 2E-8 - -
Y, see®r - 1E+4 4E-6  1E-8 - -
77 Iridium-186 D, se€*r 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, see®ir - 6E+3 3E-6 9E-9 - -
Y, see®r - 6E+3 2E-6 8E-9 - -
77 Iridium-187 D, se&®4r 1E+4 3E+4 1E-5 B5E-8 1E-4 1E-3
W, se€®r - 3E+4 1E-5 4E-8 - -
Y, see*®r - 3E+4 1E-5 4E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
77 Iridium-188 D, seé®r 2E+3 5E+3 2E-6 6E-9 3E-5  3E-4
W, see®ir - 4E+3 1E-6 5E-9 - -
Y, see®r - 3E+3 1E-6 5E-9 - -
77 Iridium-189 D, seé®qr 5E+3 5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 7E-5  T7E-4
W, see®ir - 4E+3 2E-6 5E-9 - -
Y, see®r - 4E+3 1E-6 5E-9 - -
77 Iridium-190n3 D, see’®ar 2E+5 2E+5 8E-5 3E-7 2E-3  2E-2
W, see®r - 2E+5 9E-5 3E-7 - -
Y, see™®r - 2E+5 8E-5 3E-7 - -
77 Iridium-190 D, seé®r 1E+3 9E+2 4E-7 1E9 1E-5 1E-4
W, se€®ir - 1E+3 4E-7  1E-9 - -
Y, see*®r - OE+2 4E-7 1E-9 - -
77 Iridium-192m D, se&qr 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
W, see®ir - 2E+2 9E-8 3E-10 - -
Y, see®r - 2E+1 6E-9 2E-11 - -
77 Iridium-192 D, seé®r OE+2 3E+2 1E-7 4E-10 1E-5 1E-4
W, see®r - AE+2 2E-7 6E-10 - -
Y, see®r - 2E+2 9E-8 3E-10 - -
77 Iridium-194m D, se&qr 6E+2 9E+1 4E-8 1E-10 9E-6  9E-5
W, see®ir - 2E+2 7E-8 2E-10 - -
Y, see*®r - 1E+2 4E-8 1E-10 - -
77 Iridium-194 D, seé®r 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see®ir - 2E+3 9E-7 3E-9 - -
Y, see®r - 2E+3 8E-7 3E-9 - -
77 Iridium-195m D, se&*r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, se€®r - 3E+4 1E-5 4E-8 - -
Y, see®r - 2E+4 9E-6  3E-8 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
77 Iridium-195 D, se€™r 1E+4 4E+4 2E-5 6E-8 2E-4  2E-3
W, see®r - 5E+4 2E-5  7E-8 - -
Y, see'™r - 4E+4 2E-5 6E-8 - -
78 Platinum-186 D, all compoundslE+4 4E+4 2E-5 5E-8 2E-4 2E-3
78 Platinum-188 D, all compoundE+3 2E+3 7E-7 2E-9 2E-5 2E-4
78 Platinum-189 D, all compoundslE+4 3E+4 1E-5 4E-8 1E-4 1E-3
78 Platinum-191 D, all compoundsiE+3 8E+3 4E-6 1E-8 5E-5 5E-4
78 Platinum-193m D, all compound8E+3 6E+3 3E-6 8E-9 - -
LLI wall
(3E+4) - - - 4E-5 4E-4
78 Platinum-193 D, all compoundstE+4 2E+4 1E-5 3E-8 - -
LLI wall
(5E+4) - - - 6E-4 6E-3
78 Platinum-195m D, all compound®E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
78 Platinum-197h D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
78 Platinum-197 D, all compounds8E+3 1E+4 4E-6 1E-8 4E-5 4E-4
78 Platinum-199 D, all compounds 5E+4 1E+5 6E-5 2E-7 T7E-4 7E-3
78 Platinum-200 D, all compoundslE+3 3E+3 1E-6 5E-9 2E-5 2E-4
79 Gold-193 D, all compound
excepthose give
forWand Y 9e+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, halides and
nitrates - 2E+4 9E-6 3E-& - -
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
) . Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, oxides and
hydroxides - 2E+4 8E-6 3E-8 - -
79 Gold-194 D, set*Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see*Au - 5E+3 2E-6 8E-9 - -
Y, see'®Au - 5E+3 2E-6 7E-9 - -
79 Gold-195 D, seE”Au 5E+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, see*Au - 1E+3 6E-7 2E-9 - -
Y, see'®Au - 4E+2 2E-7 6E-10 - -
79 Gold-198m D, seE°Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see'®Au - 1E+3 5E-7 2E-9 - -
Y, see’Au - 1E+3 5E-7 2E-9 - -
79 Gold-198 D, set*Au 1E+3 4E+3 2E-6 B5E-9 2E-5 2E-4
W, see*Au - 2E+3 8E-7 3E-9 - -
Y, seet®Au - 2E+3 7E-7 2E-9 - -
79 Gold-199 D, set*Au 3E+3 OE+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5  4E-4
W, see*Au - 4E+3 2E-6 6E-9 -
Y, see'®Au - 4E+3 2E-6 5E-9 -
79 Gold-200m D, seE*Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see*Au - 3E+3 1E-6 4E-9 - -
Y, see'®Au - 2E+4 1E-6  3E-9 - -
79 Gold-2008 D, see'*Au 3E+4 6E+4 3E-5 9E-8 4E-4  4E-3
W, see®*Au - 8E+4 3E-5 1E-7 - -
Y, see'®Au - 7E+4 3E-5 1E-7 - -
79 Gold-20% D, see'*Au 7E+4 2E+5 OE-5 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see®*Au - 2E+5 1E-4 3E-7 - -
Y, see'Au - 2E+5 9E-5 3E-7 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
80 Mercury-193m Vapor - 8E+3 4E-6 1E-8 - -
Organic D 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
D, sulfates 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, oxides,
hydroxides,
halides, nitrates,
and sulfides - 8E+3 3E-6 1E-8 - -
80 Mercury-193 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
D, see®*™Hg 2E+4 4E+4 2E-5 6E-8 2E-4  2E-3
W, see®*™Hg - 4E+4 2E-5 6E-8 - -
80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
Organic D 2E+1 3E+1 1E-8 4E-11 2E-7 2E-6
D, see*™Hg 8E+2 4E+1 2E-8 6E-11 1E-5  1E-4
W, see®*™g - 1E+2 5E-8 2E-10 - -
80 Mercury-195m Vapor - 4E+3 2E-6  6E-9 - -
Organic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
D, see®*™Hg 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
W, see®*™Hg - 4E+3 2E-6 5E-9 - -
80 Mercury-195 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3
D, see®™Hg 1E+4 4E+4 1E-5 5E-8 2E-4  2E-3
W, see®*™Hg - 3E+4 1E-5 5E-8 - -
80 Mercury-197m Vapor - 5e+3 2E-6 7E-9 - -
Organic D 4E+3 9E+3 4E-6 1E-8 5E-5 5E-4
D, see®™Hg 3E+3 7E+3 3E-6 1E-8 4E-5 4E-4
W, see®*"Hg - 5E+3 2E-6 7E-9 - -
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -
Organic D 7E+3 1E+4 6E-6 2E-8 9E-5 9E-4
D, see"®*™Hg 6E+3 1E+4 G5E-6 2E-8 8E-5 8E-4
W, see®*™g - OE+3 4E-6 1E-8 - -
80  Mercury-199rh  Vapor - 8E+4 3E-5 1E-7 - -
Organic D 6E+4 2E+5 T7E-5 @ 2E-7 - -
St wall
(1E+5) - - - 1E-3 1E-2
D, see®*™Hg 6E+4 1E+5 6E-5 2E-7 8E-4  8E-3
W, see®*™Hg - 2E+5 T7E-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Organic D 5E+2 8E+2 3E-7 1E-9 T7E-6 7E-5
D, see*™Hg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
W, see®*™Hg - 1E+3 5E-7 2E-9 - -
81 Thallium-194rh D, all compounds 5E+4 2E+5 6E-5 2E-7 - -
St wall
(7TE+4) - - - 1E-3 1E-2
81  Thallium-194 D, all compounds 3E+5 6E+5 2E-4  8E-7 - -
St wall
(3E+5) - - - 4E-3 4E-2
81 Thallium-195 D, all compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9E-3
81 Thallium-197 D, all compounds7E+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium-198rh D, all compounds 3E+4 5E+4 2E-5 8E-8 4E-4 4E-3
81 Thallium-198 D, all compounds2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
81 Thallium-199 D, all compounds6E+4 8E+4 4E-5 1E-7 9E-4 9E-3
81 Thallium-200 D, all compounds8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
81 Thallium-201 D, all compounds2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
81 Thallium-202 D, all compounds4E+3 5E+3 2E-6 7E-9 5E-5 5E-4
81 Thallium-204 D, all compounds2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead-195rh D, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3
82 Lead-198 D, all compounds3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
82 Lead-199 D, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
82 Lead-200 D, all compounds3E+3 6E+3 3E-6 9E-9 4E-&H 4E-4
82 Lead-201 D, all compoundsfE+3 2E+4 8E-6 3E-8 1E-4 1E-3
82 Lead-202m D, all compound®E+3 3E+4 1E-5 4E-8 1E-4 1E-3
82 Lead-202 D, all compoundslE+2 5E+1 2E-8 7E-11 2E-6 2E-5
82 Lead-203 D, all compoundsE+3 9E+3 4E-6 1E-8 7E-5% 7TE-4
82 Lead-205 D, all compoundsiE+3 1E+3 6E-7 2E-9 5E-© 5E-4
82 Lead-209 D, all compound®2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
82 Lead-210 D, all compounds6E1 2E1 1E-10 - - -
Bone Bone
surf surf (4
(AE+0) 1) - 6E-13 1E-8 1E-7
82 Lead-211 D, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3
82 Lead-212 D, all compounds8E+1 3E+1 1E-8 5E-11 - -
Bone
surf
(1E+2) - - - 2E-6 2E-5
82 Lead-214 D, all compounds 9E+3 8E+2 3E-7 1E-9 1E-4 1E-3
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Table | Table Il Table 1l
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
83 Bismuth-200 D, nitrates 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3
W, all other
compounds - 1E+5 4E-5 1E-7 - -
83 Bismuth-201 D, se€*Bi 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, se€"Bi - AE+4 2E-5 5E-8 - -
83 Bismuth-202 D, see’"Bi 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, se€"Bi - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, se€"Bi 2E+3 7E+3 3E-6 O9E-9 3E-& 3E-4
W, se€"Bi - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, se@"Bi 1E+3 3E+3 1E-6 3E-9 2E-§ 2E-4
W, se€"Bi - 1E+3 5E-7 2E-9 - -
83 Bismuth-206 D, se€"Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, se€"Bi - OE+2 4E-7 1E-9 - -
83 Bismuth-207 D, se€"Bi 1E+3 2E+3 7E-7 2E-9 1E-§ 1E-4
W, se€"Bi - 4E+2 1E-7 5E-10 - -
83 Bismuth-210m D, se8Bi 4E+1 5E+0 2E-9 - - -
KidneysKidneys
(6E+1) (6E+0) - OE-12 8E-7 8E-6
W, see"Bi - 7E-1 3E-10 9E-13 - -
83 Bismuth-210 D, se€"Bi 8E+2 2E+2 1E-7 - 1E-5 1E-4
Kidneys
- (4E+2) - 5E-10 - -
W, se€"Bi - 3E+1 1E-8 4E-11 - -
83 Bismuth-212 D, se€*Bi 5E+3 2E+2 1E-7 3E-10 7E-5 7E-4
W, se€"Bi - 3E+2 1E-7 4E-10 - -
83 Bismuth-213 D, se€*Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3
W, se€"Bi - 4E+2 1E-7 5E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
83  Bismuth-214 D, se€"Bi 2E+4 8E+2 3E-7 1E-9 - -
St wall
(2E+4) - - - 3E-4 3E-3
W, see"Bi - 9E-2 4E-7 1E-9 - -
84  Polonium-203 D, all compound
except thosgiver
for W 3E+4 ©6E+4 3E-5 9E-8 3E4 3E-3
W, oxides,
hydroxides, and
nitrates - 9E+4  4E-5 1E-7 - -
84  Polonium-20% D, se€’“Po 2E+4 4E+4 2E-5 5E-8 3E-4  3E-3
W, see¢’*Po - 7E+4 3E-5 1E-7 - -
84  Polonium-207 D, se@%Po 8E+3 3E+4 1E-5 3E-& 1E-4  1E-3
W, se€¢’*Po - 3E+4 1E-5 4E-8 - -
84  Polonium-210 D, se8%Po 3E+0 6E-1 3E-10 9E-13 4E-8  4E-7
W, see¢’*Po - 6E-1 3E-10 9E-13 - -
85 Astatine-207 D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4
wW - 2E+3 9E-7 3E-9 - -
85 Astatine-211 D, halides 1E+2 8E+1 3E-8 1E-10 62E- 2E-5
wW - 5E+1 2E-8 8E-11 - -
86 Radon-220 With daughters
removed - 2E+4 T7E-6 2E-8 - -
With daughters
preser - 2E+1 9E-9 3E-11 - -
(or 12
working (or 1.0
level working
months) level)
86 Radon-222 With daughters
removed - 1E+4 4E-6 1E-8 - -
With daughters - 1E+2 3E-8 1E-10 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALI DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
preser
(or4
working (or 0.33
level working
months) level)
87 Francium-222 D, all compounds 2E+3 5E+2 2E-7 6E-10 3E-5 3E-4
87  Francium-223 D, all compounds 6E+2 8E+2 3E-7 1E-9 B8E-6 8E-5
88 Radium-223 W, all compoundSE+0  7E-1 3E-10 9E-13 - -
Bone
surf
(9E+0) - - - 1E-7 1E-6
88 Radium-224 W, all compound8E+0 2E+0 7E-10 2E-12 - -
Bone
surf
(2E+1) - - - 2E-7 2E-6
88 Radium-225 W, all compound8E+0  7E-1 3E-10 9E-13 - -
Bone
surf
(2E+1) - - - 2E-7 2E-6
88 Radium-226 W, all compoundE+0 6E-1 3E-10 9E-13 - -
Bone
surf
(5E+0) - - - 6E-8 6E-7
88  Radium-227 W, all compounds2E+4 1E+4  6E-6 - - -
Bone Bone
surf surf
(2E+4) (2E+4) - 3E-8 3E-4 3E-3
88 Radium-228 W, all compound2E+0 1E+0 5E-10 2E-12 - -
Bone
surf - - - 6E-8 6E-7
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
(4E+0)
89 Actinium-224 D, all compound
except those give
forWand Y 2E+3 3E+1 1E-8 - - -
Bone
LLI wall surf
(2E+3) (4E+1) - 5E-11 3E-5 3E-4
W, halides and
nitrates - 5E+1 2E-8 7E-11 - -
Y, oxides and
hydroxides - 5E+1 2E-8 6E-11 - -
89  Actinium-225 D, se&‘Ac 5E+1 3E-1 1E-10 - - -
Bone
LLI wall surf
(5E+1) (5E-1) - 7E-13 T7E-7 7E-6
W, see¢“*Ac - 6E-1 3E-10 9E-13 - -
Y, see*Ac - 6E-1 3E-10 9E-13 - -
89  Actinium-226 D, se&‘Ac 1E+2 3E+0 1E-9 - - -
Bone
LLI wall surf
(1E+2) (4E+0) - 5E-12 2E-6 2E-5
W, see“*Ac - 5E+0 2E-9 7E-12 -
Y, see’“/Ac - 5E+0 2E-9 6E-12 -
89  Actinium-227 D, se&'Ac 2E-1 4E-4 2E-13 - - -
Bone Bone
surf surf
(4E-1) (8E-4) - 1E-15 5E-9 5E-8
W, se¢“/Ac - 2E-3 7E-13 - - -
Bone
surf
- (3E-3) - 4E-15 - -
Y, see*Ac - 4E-3 2E-12 6E-15 - -
89  Actinium-228 D, se&Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
- Bone - 2E-11 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
surf
(2E+1)
W, se€“/Ac - 4E+1 2E-8 - - -
Bone
surf
- (6E+1) - 8E-11 - -
Y, see’“/Ac - 4E+1 2E-8 6E-11 - -
90  Thorium-226 W, all compound
excepthose give
forY 5E+3 2E+2 6E-8 2E-10 - -
St wall
(5E+3) - - - 7E-5 7E-4
Y, oxides and
hydroxides 1E+2 6E-8 2E-10 - -
90 Thorium-227 W, se€°Th 1E+2 3E-1 1E-10 b5E-13 2E-6 2E-5
Y, se€””°Th - 3E-1 1E-10 5E-13 - -
90  Thorium-228 W, se®¥°Th 6E+0 1E-2 4E-12 - - -
Bone Bone
surf surf
(1E+1) (2E-2) - 3E-14 2E-7 2E-6
Y, se€”®°Th - 2E-2 7E-12 2E-14 - -
90  Thorium-229 W, se€°Th 6E-1 9E-4 4E-13 - - -
Bone Bone
surf surf
(1E+0) (2E-3) - 3E-15 2E-8 2E-7
Y, se€”®°Th - 2E-3  1E-12 - - -
Bone
surf
- (3E-3) - 4E-15 - -
90  Thorium-230 W, se€°Th AE+0 6E-3 3E-12 - - -
Bone Bone
surf surf
(9E+0) (2E-2) - 2E-14 1E-7 1E-6
Y, se€”®°Th - 2E-2  6E-12 - - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Bone
surf
- (2E-2) - 3E-14 - -
90  Thorium-231 W, se®¥°Th AE+3 6E+3 3E-6 9E-9 5E-5 5E-4
Y, see’*°Th - 6E+3 3E-6 9E-9 - -
90  Thorium-232 W, se€°Th 7E-1 1E-3 5E-13 - - -
Bone Bone
surf surf
(2E+0) (3E-3) - 4E-15 3E-8 3E-7
Y, see’*°Th - 3E-3  1E-12 - - -
Bone
surf
- (4E-3) - 6E-15 - -
90  Thorium-234 W, se€°Th 3E+2 2E+2 8E-8 3E-10 - -
LLI wall
(4E+2) - - - 5E-6 5E-5
Y, see’*°Th - 2E+2 6E-8 2E-10 - -
91  Protactinium-227 W, all compound
excepthose give
forY 4E+3 1E+2 5E-8 2E-10 5E-5 5E-4
Y, oxides and
hydroxides - 1E+2 4E-8 1E-10 - -
91  Protactinium-228 W, séé’Pa 1E+3 1E+1 5E-9 - 2E-5  2E-4
Bone
surf
- (2E+1) - 3E-11 - -
Y, see”’’Pa - 1E+1 5E-9 2E-11 - -
91  Protactinium-230 W, séé’Pa 6E+2 G5E+0 2E-9 7E-12 - -
Bone
surf
(9E+2) - - - 1E-5 1E-4
Y, see”?’Pa - 4AE+0 1E-9 5E-12 - -
91  Protactinium-231 W, sééPa 2E-1 2E-3 6E-13 - - -
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Table | Table I Table IlI
Effluent Releases to
Occupational Values Concentrations Sewers

Col. 1 Col. 2 Col. 3 Col. 1 Col. 2

Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Bone Bone
surf surf
(5E-1) (4E-3) - 6E-15 6E-9  6E-8
Y, see’’’Pa - 4E-3 2E-12 - - -
Bone
surf
- (6E-3) - 8E-15 - -
01 Protactinium-232 W, sééPa 1E+3 2E+1 9E-9 - 2E-5  2E-4
Bone
surf
- (6E+1) - 8E-11 - -
Y, see’’’Pa - 6E+1 2E-8 - - -
Bone
surf
- (7TE+1) - 1E-10 - -
91 Protactinium-233 W, sééPa 1E+3 7E+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
Y, see’’’Pa - 6E+2 2E-7 8E-10 - -
91 Protactinium-234 W, sééPa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
Y, see’*'Pa - 7E+3 3E-6 9E-9 - -
92 Uranium-230 D, UF, UOF,
UO(NO) AE+0 4E-1 2E-10 - - -
Bone Bone
surf surf
(6E+0) (BE-1) - 8E-13 8E-8  8E-7
W, UO, UF, Ucl - 4E-1 1E-10 5E-13 - -
Y, UO, UO - 3E-1 1E-10 4E-13 - -
92 Uranium-231 D, se8U 5E+3 8E+3 3E-6 1E-8 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W, see”*U - 6E+3 2E-6 8E-9 - -
Y, see”*U - 5E+3 2E-6 6E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
92 Uranium-232 D, se8U 2E+0 2E-1 9E-11 - - -
Bone Bone
surf surf
(A4E+0) (4E-1) - 6E-13 6E-8  6E-7
W, see>U - 4E-1 2E-10 B5E-13 - -
Y, see”>U - 8E-3 3E-12 1E-14 - -
92 Uranium-233 D, se8U 1E+1 1E+0 5E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see>U - 7E-1 3E-10 1E-12 - -
Y, see”>U - 4E-2 2E-11 5E-14 - -
92 Uranium-23% D, see”U 1E+1 1E+0 B5E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see>U - 7E-1 3E-10 1E-12 - -
Y, see”>U - 4E-2 2E-11 5E-14 - -
92 Uranium-23% D, see”*U 1E+1 1E+0 6E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7  3E-6
W, see>U - 8E-1 3E-10 1E-12 - -
Y, see”>U - 4E-2 2E-11 6E-14 - -
92 Uranium-236 D, se8U 1E+1 1E+0 5E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see>U - 8E-1 3E-10 1E-12 - -
Y, see”*U - 4E-2 2E-11 6E-14 - -
92 Uranium-237 D, se8U 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, see>U - 2E+3 7E-7 2E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
Y, see”U - 2E+3 6E-7 2E-9 - -
92  Uranium-238 D, see”*U 1E+1 1E+0 6E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see> - 8E-1 3E-10 1E-12 - -
Y, see”*U - 4E-2 2E-11 6E-14 - -
92  Uranium-239 D, see”*U 7E+4 2E+5 8E-5 3E-7 9E-4  9E-3
W, see” - 2E+5 7E-5 2E-7 - -
Y, see”*U - 2E+5 B6E-5 2E-7 - -
92  Uranium-240 D, se€U 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W, see> - 3E+3 1E-6 4E-9 - -
Y, see”*U - 2E+3 1E-6  3E-9 - -
92  Uranium-naturdl D, se€*U 1E+1 1E+0 5E-10 - - -
Bone Bone
surf surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see”U - 8E-1 3E-10 9E-13 - -
Y, see”*U - 5E-2 2E-11 9E-14 - -
93  Neptuniun-23Z W, all compounds1E+5 2E+3  7E-7 - 2E-3  2E-2
Bone
surf
- (5E+2) - 6E-9 - -
93 Neptuniun-23% W, all compounds8E+5 3E+6 1E-3 4E-6 1E-2 1E-1
93 Neptuniun-234 W, all compounds2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptuniun-235 W, all compounds2E+4  8E+2  3E-7 - - -
Bone
LLI wall surf
(2E+4) (1E+3) - 2E-9 3E-4 3E-3

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
93 Neptuniun-236 W, all compounds3E+0  2E-2  9E-12 - - -
(1.15E+5y) Bone Bone
surf surf
(6E+0) (5E-2) - 8E-14 9E-8 9E-7
93 Neptuniun-236 W, all compounds3E+3 3E+1 1E-8 - - -
(22.5 h) Bone Bone
surf surf
(4E+3) (7TE+1) - 1E-10 5E-5 5E-4
93 Neptuniun-237 W, all compounds5E-1  4E-3  2E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 1E-14 2E-8 2E-7
93 Neptuniun-238 W, all compoundslE+3 6E+1  3E-8 - 2E-5 2E-4
Bone
surf
- (2E+2) - 2E-10 - -
93 Neptuniun-239 W, all compounds2E+3 2E+3 9E-7  3E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
93 Neptuniun-
2Appendix B of this
section W, all compoundE+4 8E+4 3E-5 1E-7 3E-4 3E-3
94 Plutonium-234 W, all compounds
except PuO 8E+3 2E+2 9E-8 3E-10 1E-4 1E-3
Y, PuO - 2E+2 8E-8 3E-10 - -
94  Plutonium-235 W, se€*Pu 9E+5 3E+6 1E-3 4E-6 1E-2  1E-1
Y, see”*Pu - 3E+6 1E-3  3E-6 - -
94  Plutonium-236 W, se€’Pu 2E+0 2E-2 8E-12 - - -
Bone Bone - 5E-14 6E-8 6E-7
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
surf surf
(4E+0) (4E-2)
Y, see”**Pu - 4E-2 2E-11 6E-14 - -
94  Plutonium-237 W, se€’Pu 1E+4 3E+3 1E-6 5E-9 2E-4  2E-3
Y, see”*Pu - 3E+3 1E-6 4E-9 - -
94  Plutonium-238 W, sed*Pu 9E-1 7E-3 3E-12 - - -
Bone Bone
surf surf
(2E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see”*Pu - 2E-2 8E-12 2E-14 - -
94  Plutonium-239 W, sed'Pu 8E-1 6E-3 3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see”*Pu - 2E-2  7E-12 - - -
Bone
surf
- (2E-2) - 2E-14 - -
94  Plutonium-240 W, sed’Pu 8E-1 6E-3 3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see”**Pu - 2E-2  7E-12 - - -
Bone
surf
- (2E-2) - 2E-14 - -
94  Plutonium-241 W, se&’Pu 4E+1 3E-1 1E-10 - - -
Bone Bone
surf surf
(7E+1) (6E-1) - 8E-13 1E-6 1E-5
Y, see”**Pu - 8E-1 3E-10 - - -
Bone
surf
- (1E+0) - 1E-12 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
94  Plutonium-242 W, sed*Pu 8E-1 7E-3 3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see”*Pu - 2E-2  7E-12 - - -
Bone
surf
- (2E-2) - 2E-14 - -
94  Plutonium-243 W, se€’Pu 2E+4 4E+4 2E-5 5E-8 2E-4  2E-3
Y, see”*Pu - 4E+4 2E-5 5E-8 - -
94  Plutonium-244 W, se€’Pu 8E-1 7E-3 3E-12 - - -
Bone Bone
surf surf
(2E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see”*Pu - 2E-2  7E-12 - - -
Bone
surf
- (2E-2) - 2E-14 - -
94  Plutonium-245 W, se€’Pu 2E+3 5E+3 2E-6 6E-9 3E-5 3E-4
Y, see”*Pu - 4E+3 2E-6 6E-9 - -
94  Plutonium-246 W, se&’Pu 4E+2 3E+2 1E-7 4E-10 - -
LLI wall
(4E+2) - - - 6E-6 6E-5
Y, see”*Pu - 3E+2 1E-7 4E-10 - -
95 Americium-237 W, all compounds8E+4 3E+5 1E-4 4E-7 1E-3 1E-2
95 Americium-238 W, all compounds4E+4  3E+3  1E-6 - S5E-4 5E-3
Bone
surf
- (6E+3) - 9E-9 - -
95 Americium-239 W, all compound$E+3 1E+4 5E-6 2E-8 7E-5 TE-4

Office of Health Protection
Division of Radiological Health
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALI ALI DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
95 Americium-240 W, all compound2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds8E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242m W, all compound8E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242 W, all compoundgE+3 8E+1  4E-8 - 5E-5 5E-4
Bone
surf
- (9E+1) - 1E-10 - -
95 Americium-243 W, all compounds8E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-244m W, all compounds6E+4 4E+3  2E-6 - - -
Bone
Stwall surf
(8E+4) (7TE+3) - 1E-8 1E-3 1E-2
95 Americium-244 W, all compound8E+3 2E+2  8E-8 - 4E-5 4E-4
Bone
surf
- (BE+2) - 4E-10 - -
95 Americium-245 W, all compound8E+4 8E+4 3E-5 1E-7 4E-4 4E-3
95 Americium-246rm W, all compounds5E+4 2E+5 8E-5  3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
95 Americium-246 W, all compounds3E+4  1E+5 4E-5 1E-7 4E-4 4E-3
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
96 Curium-238 W, all compound2E+4 1E+3 5E-7 2E-9 2E-4 2E-3
96 Curium-240 W, all compound$E+1 6E-1 2E-10 - - -
Bone Bone
surf surf
(8E+1) (BE-1) - 9E-13 1E-6 1E-5
96 Curium-241 W, all compound4E+3 3E+1 1E-8 - 2E-5 2E-4
Bone
surf
- (4E+1) - 5E-11 - -
96 Curium-242 W, all compound8E+1 3E-1 1E-10 - - -
Bone Bone
surf surf
(5E+1) (3E-1) - 4E-13  TE-7 7E-6
96 Curium-243 W, all compounddE+0 9E-3 4E-12 - - -
Bone Bone
surf surf
(2E+0) (2E-2) - 2E-14 3E-8 3E-7
96 Curium-244 W, all compounddE+0  1E-2 5E-12 - - -
Bone Bone
surf surf
(B3E+0) (2E-2) - 3E-14 3E-8 3E-7
96 Curium-245 W, all compound/E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-246 W, all compound/E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
96 Curium-247 W, all compounds8E-1  6E-3  3E-12 - - -
Bone Bone
surf surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-248 W, all compoundE-1  2E-3 7E-13 - - -
Bone Bone
surf surf
(4E-1) (3E-3) - 4E-15 5E-9 5E-8
96 Curium-248 W, all compounds5E+4 2E+4  7E-6 - TE-4 7E-3
Bone
surf
- (3E+4) - 4E-8 - -
96 Curium-250 W, all compoundstE-2  3E-4  1E-13 - - -
Bone Bone
surf surf
(6E-2) (5E-4) - 8E-16 9E-10 9E-9
97 Berkelium-245 W, all compound2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compound8E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 Berkelium-247 W, all compound$E-1  4E-3 2E-12 - - -
Bone Bone
surf surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
97 Berkelium-249 W, all compound2E+2 2E+0 7E-10 - - -
Bone Bone
surf surf
(5E+2) (4E+0) - 5E-12 6E-6 6E-5
97 Berkelium-250 W, all compound9E+3 3E+2  1E-7 - 1E-4 1E-3
Bone
surf
- (7TE+2) - 1E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
98 Californium-244 W, all compounc
excepthose give
forY 3E+4 ©6E+2 2E-7 8E-10 - -
St wall
(3E+4) - - - 4E-4 4E-3
Y, oxides and
hydroxides - 6E+2 2E-7 8E-10 - -
98  Californium-246 W, se€“Cf 4E+2 9E+0 4E-9 1E-11 5E-6  5E-5
Y, see”*Cf - 9E+0 4E-9 1E-11 - -
98  Californium-248 W, se€“Cf 8E+0 6E-2 3E-11 - - -
Bone Bone
surf surf
(2E+1) (1E-1) - 2E-13 2E-7 2E-6
Y, see*'Cf - 1E-1 4E-11 1E-13 - -
98  Californium-249 W, se€“Cf 5E-1 4E-3 2E-12 - - -
Bone Bone
surf surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see*'Cf - 1E-2  4E-12 - - -
Bone
surf
- (1E-2) - 2E-14 - -
98  Californium-250 W, se@"Cf 1E+0 9E-3 4E-12 - - -
Bone Bone
surf surf
(2E+0) (2E-2) - 3E-14 3E-8 3E-7
Y, see’*'Cf - 3E-2 1E-11 4E-14 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
98  Californium-251 W, se€’Cf 5E-1 4E-3 2E-12 - - -
Bone Bone
surf surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see’*'Cf - 1E-2  4E-12 - - -
Bone
surf
- (1E-2) - 2E-14 - -
98  Californium-252 W, se¥“Cf 2E+0 2E-2 8E-12 - - -
Bone Bone
surf surf
(5E+0) (4E-2) - 5E-14 7E-8 TE-7
Y, see’*'Cf - 3E-2 1E-11 5E-14 - -
98  Californium-253 W, se€“Cf 2E+2 2E+0 8E-10 3E-12 - -
Bone
sur
(4E+2)f - - - 5E-6 5E-5
Y, see*'Cf - 2E+0 7E-10 2E-12 - -
98  Californium-254 W, se€“Cf 2E+0 2E-2 9E-12 3E-14 3E-8  3E-7
Y, see*'Cf - 2E-2 7E-12 2E-14 - -
99 Einsteinium-250 W, all compounddE+4 S5E+2  2E-7 - 6E-4 6E-3
Bone
surf
- (1E+3) - 2E-9 - -
99 Einsteinium-251 W, all compoundgE+3 9E+2  4E-7 - 1E-4 1E-3
Bone
surf
- (1E+3) - 2E-9 - -
99 Einsteinium-253 W, all compound2E+2 1E+0 6E-10 2E-12 2E-6 2E-5
99 Einsteinium-254m W, all compound3E+2 1E+1 4E-9 1E-11 - -
LLI wall
- 4E-6 4E-5

(BE+2)
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
Atomic ALl ALl DAC Air Water  Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)
99 Einsteinium-254 W, all compound8E+0  7E-2  3E-11 - - -
Bone Bone
surf surf
(2E+1) (1E-1) - 2E-13 2E-7 2E-6
100  Fermium-252 W, all compoundSE+2  1E+1 5E-9 2E-11 6E-6 6E-5
100 Fermium-253 W, all compound$E+3  1E+1 4E-9 1E-11 1E-5 1E-4
100 Fermium-254 W, all compound3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
100  Fermium-255 W, all compoundSE+2 2E+1 9E-9 3E-11 7E-6 7E-5
100  Fermium-257 W, all compound2E+1  2E-1 7E-11 - - -
Bone Bone
surf surf
(4E+1) (2E-1) - 3E-13 5E-7 5E-6
101  Mendelevium-257 W, all compoundéE+3 8E+1  4E-8 - 1E-4 1E-3
Bone
surf
- (9E+1) - 1E-10 - -
101  Mendelevium-258 W, all compound3E+1 2E-1 1E-10 - - -
Bone Bone
surf surf
(5E+1) (3E-1) - 5E-13 6E-7 6E-6
- Any single
radionuclide not
listed above with
decay mode other
than alpha emission
or spontaneous fis-
sion and with
radioactive half- life
less than 2 hours ~ Submersion - 2E+2 1E-7 1E-9 - -
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Table | Table Il Table Il
Effluent Releases to
Occupational Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly

Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi)l (uCi) (uCi/ml)  (uCi/ml)  (uCi/ml)  (uCi/ml)

- Any single
radionuclide not
listed above with
decay mode other
than alpha emission
or spontaneous fis-
sion and with
radioactive half- life
greater than 2 hour. . .. - 2E-1 1E-10 1E-12 1E-8 1E-7

- Any single
radionuclide not
listed above that
decays by alpha
emission or
spontaneous fission,
or any mixture for
which either the
identity or the
concentration of any
radio- nuclide in the
mixture is not known. . . - 4E-4 2E-13 1E-15 2E-9 2E-8

FOOTNOTES:
"Submersion" means that values given are for susiorein a hemispherical semi-infinite cloud
of airborne material.

“These radionuclides have radiological half-livedesk than 2 hours. The total effective dose
equivalent received during operations with theshorauclides might include a significant
contribution from external exposure. The DAC valtesall radionuclides, other than those
designated Class "Submersion," are based upoothitted effective dose equivalent due to the
intake of the radionuclide into the body and do Nf@dlude potentially significant contributions

to dose equivalent from external exposures. Tleasiee may substitute 1E¢Zi/ml for the listed
DAC to account for the submersion dose prospegtivmit should use individual monitoring
devices or other radiation measuring instrumergsrtieasure external exposure to demonstrate
compliance with the limits. (See 400.08.)

3For soluble mixtures of U-238, U-234, and U-23%iin chemical toxicity may be the limiting
factor (see 400.06.5). If the percent by weighti(dment) of U-235 is not greater than 5, the
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concentration value for a 40-hour workweek is Oifignams uranium per cubic meter of air
average. For any enrichment, the product of tlerame concentration and time of exposure
during a 40-hour workweek shall not exceed 8E-3)(f8i-hr/ml, where SA is the specific
activity of the uranium inhaled. The specific aityi for natural uranium is 6.77E-7 curies per
gram U. The specific activity for other mixturdd.b238, U-235, and U-234, if not known, shall
be:

SA = 3.6E-7 curies/gram U U-depleted
SA =[0.4 + 0.38 (enrichment) + 0.0034 (enrichm@ri}6, enrichment %.72

where enrichment is the percentage by weight @88; expressed as percent.

NOTE:

1. If the identity of each radionuclide in a mixéus known but the concentration of one or
more of the radionuclides in the mixture are naiwn, the DAC for the mixture shall be
the most restrictive DAC of any radionuclide in thexture.

2. If the identity of each radionuclide in the nuse is not known, but it is known that certain
radionuclides specified in this section are nospr¢ in the mixture, the inhalation ALI,
DAC, and effluent and sewage concentrations for rttegture are the lowest values
specified in this section for any radionuclide tihot known to be absent from the
mixture; or

If it is known that Ac-227-D and Cm-
250-W are not present - 7E-4  3E-13 - - -

If, in addition, it is known that Ac-227-
W,Y, Th-229-W,Y, Th-230-W, Th-232-
W,Y, Pa-231-W,Y, Np-237-W, Pu-239-
W, Pu-240-W, Pu-242-W, Am-241-W,
Am-242m-W, Am-243-W, Cm-245-W,
Cm-246-W, Cm-247-W, Cm-248-W,
Bk-247-W, Cf-249-W, and Cf-251-W
are not present - 7E-3  3E-12 - - -

If, in addition, it is known that Sm-146-

W, Sm-147-W, Gd-148-D,W, Gd-152-

D,W, Th-228-W,Y, Th-230-Y, U-232-

Y, U-233-Y, U-234-Y, U-235-Y, U-

236-Y, U-238-Y, Np-236-W, Pu-236-

W,Y, Pu-238-W,Y, Pu-239-Y, Pu-240-

Y, Pu-242-Y, Pu-244-W,Y, Cm-243-

W, Cm-244-W, Cf-248-W, Cf-249-Y,

Cf-250-W,Y, Cf-251-Y, Cf-252-W,Y,

and Cf-254-W,Y are not present - 7E-2  3E-11 - - -

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
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If, in addition, it is known that Pb-210-D,
Bi-210m-W, Po0-210-D,W, Ra-223-W,
Ra-225-W, Ra-226-W, Ac-225-D,W,Y,
Th-227-W,Y, U-230-D,W,Y, U-232-
D,W, Pu-241-W, Cm-240-W, Cm-242-
W, Cf-248-Y, Es-254-W, Fm-257-W,
and Md-258-W are not present

If, in addition, it is known that Si-32-Y,
Ti-44-Y, Fe-60-D, Sr-90-Y, Zr-93-D,
Cd-113m-D, Cd-113-D, In-115-D,W,
La-138-D, Lu-176-W, Hf-178m-D,W,
Hf-182-D,W, Bi-210m-D, Ra-224-W,
Ra-228-W, Ac-226-D,W,Y, Pa-230-
W,Y, U-233-D,W, U-234-D,W, U-235-
D,W, U-236-D,W, U-238-D,W, Pu-241-
Y, Bk-249-W, Cf-253-W,Y, and Es-253-
W are not present

If it is known that Ac-227-D,W,Y, Th-
229-W,Y, Th-232-W.,Y, Pa-231-W,Y,
Cm-248-W, and Cm-250-W are not
present

If, in addition, it is known that Sm-146-
W, Gd-148-D,W, Gd-152-D, Th-228-
W.,Y, Th-230-W,Y, U-232-Y, U-233-Y,
U-234-Y, U-235-Y, U-236-Y, U-238-Y,
U-Nat-Y, Np-236-W, Np-237-W, Pu-
236-W.,Y, Pu-238-W,Y, Pu-239-W,Y,
Pu-240-W.,Y, Pu-242-W,Y, Pu-244-
W,Y, Am-241-W, Am-242m-W, Am-
243-W, Cm-243-W, Cm-244-W, Cm-
245-W, Cm-246-W, Cm-247-W, Bk-
247-W, Cf-249-W,Y, Cf-250-W,Y, Cf-
251-W,Y, Cf-252-W,Y, and Cf-254-W,Y
are not present

If, in addition, it is known that Sm-147-
W, Gd-152-W, Pb-210-D, Bi-210m-W,
Po-210-D,W, Ra-223-W, Ra-225-W, Ra-
226-W, Ac-225-D,W,Y, Th-227-W,Y,

U-230-D,W,Y, U-232-D,W, U-Nat-W,

Pu-241-W, Cm-240-W, Cm-242-W, Cf-
248-W,Y, Es-254-W, Fm-257-W, and

7E-1

7E+0
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Md-258-W are not present

If, in addition it is known that Fe-60, Sr-

90, Cd-113m, Cd-113, In-115, I-129, Cs-

134, Sm-145, Sm-147, Gd-148, Gd-152,

Hg-194 (organic), Bi-210m, Ra-223, Ra-

224, Ra-225, Ac-225, Th-228, Th-230,

U-233, U-234, U-235, U-236, U-238, U-

Nat, Cm-242, Cf-248, Es-254, Fm-257,

and Md-258 are not present - - - - 1E-6 1E-5

3.

If a mixture of radionuclides consists of uraniand its daughters in ore dust {ifa AMAD
particle distribution assumed) prior to chemicglasation of the uranium from the ore, the
following values may be used for the DAC of the tane: 6E-11.Ci of gross alpha activity
from uranium-238, uranium-234, thorium-230, anduad226 per milliliter of air; 3E-1LCi

of natural uranium per milliliter of air; or 45 nmagrams of natural uranium per cubic meter of
air.

If the identity and concentration of each raddide in a mixture are known, the limiting
values should be derived as follows: determinegézh radionuclide in the mixture, the ratio
between the concentration present in the mixtudelaa concentration otherwise established in
Appendix B of this section for the specific radiehide when not in a mixture. The sum of such
ratios for all of the radionuclides in the mixtumay not exceed "1" (i.e., "unity").

Example: If radionuclides "A," "B," and "C" aregsent in concentrations CA, CB, and CC,
and if the applicable DACs are DA(DACsg, and DAG;, respectively, then the concentrations
shall be limited so that the following relationsleipists:

CA + CB + CC <1
DAC. DAC. DAC.
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Subpart 78
Section 400
APPENDIX C

Quantities* Of Licensed Material Requiring Labeling

Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*

Hydrogen-3 1,000 Chromium-48 1,000
Beryllium-7 1,000 Chromium-49 1,000
Beryllium-10 1 Chromium-51 1,000
Carbon-11 1,000 Manganese-51 1,000
Carbon-14 1,000 Manganese-52m 1,000
Fluorine-18 1,000 Manganese-52 100
Sodium-22 10 Manganese-53 1,000
Sodium-24 100 Manganese-54 100
Magnesium-28 100 Manganese-56 1,000
Aluminum-26 10 I[ron-52 100
Silicon-31 1,000 Iron-55 100
Silicon-32 1 Iron-59 10
Phosphorus-32 10 Iron-60 1
Phosphorus-33 100 Cobalt-55 100
Sulfur-35 100 Cobalt-56 10
Chlorine-36 10 Cobalt-57 100
Chlorine-38 1,000 Cobalt-58m 1,000
Chlorine-39 1,000 Cobalt-58 100
Argon-39 1,000 Cobalt-60m 1,000
Argon-41 1,000 Cobalt-60 1
Potassium-40 100 Cobalt-61 1,000
Potassium-42 1,000 Cobalt-62m 1,000
Potassium-43 1,000 Nickel-56 100
Potassium-44 1,000 Nickel-57 100
Potassium-45 1,000 Nickel-59 100
Calcium-41 100 Nickel-63 100
Calcium-45 100 Nickel-65 1,000
Calcium-47 100 Nickel-66 10
Scandium-43 1,000 Copper-60 1,000
Scandium-44m 100 Copper-61 1,000
Scandium-44 100 Copper-64 1,000
Scandium-46 10 Copper-67 1,000
Scandium-47 100 Zinc-62 100
Scandium-48 100 Zinc-63 1,000
Scandium-49 1,000 Zinc-65 10
Titanium-44 1 Zinc-69m 100
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Titanium-45 1,000 Zinc-69 1,000
Vanadium-47 1,000 Zinc-71m 1,000
Vanadium-48 100 Zinc-72 100
Vanadium-49 1,000 Gallium-65 1,000
Gallium-66 100 Krypton-81 1,000
Gallium-67 1,000 Krypton-83m 1,000
Gallium-68 1,000 Krypton-85m 1,000
Gallium-70 1,000 Krypton-85 1,000
Gallium-72 100 Krypton-87 1,000
Gallium-73 1,000 Krypton-88 1,000
Germanium-66 1,000 Rubidium-79 1,000
Germanium-67 1,000 Rubidium-81m 1,000
Germanium-68 10 Rubidium-81 1,000
Germanium-69 1,000 Rubidium-82m 1,000
Germanium-71 1,000 Rubidium-83 100
Germanium-75 1,000 Rubidium-84 100
Germanium-77 1,000 Rubidium-86 100
Germanium-78 1,000 Rubidium-87 100
Arsenic-69 1,000 Rubidium-88 1,000
Arsenic-70 1,000 Rubidium-89 1,000
Arsenic-71 100 Strontium-80 100
Arsenic-72 100 Strontium-81 1,000
Arsenic-73 100 Strontium-83 100
Arsenic-74 100 Strontium-85m 1,000
Arsenic-76 100 Strontium-85 100
Arsenic-77 100 Strontium-87m 1,000
Arsenic-78 1,000 Strontium-89 10
Selenium-70 1,000 Strontium-90 0.1
Selenium-73m 1,000 Strontium-91 100
Selenium-73 100 Strontium-92 100
Selenium-75 100 Yttrium-86m 1,000
Selenium-79 100 Yttrium-86 100
Selenium-81m 1,000 Yttrium-87 100
Selenium-81 1,000 Yttrium-88 10
Selenium-83 1,000 Yttrium-90m 1,000
Bromine-74m 1,000 Yttrium-90 10
Bromine-74 1,000 Yttrium-91m 1,000
Bromine-75 1,000 Yttrium-91 10
Bromine-76 100 Yttrium-92 100
Bromine-77 1,000 Yttrium-93 100
Bromine-80m 1,000 Yttrium-94 1,000
Bromine-80 1,000 Yttrium-95 1,000
Bromine-82 100 Zirconium-86 100
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Bromine-83 1,000 Zirconium-88 10
Bromine-84 1,000 Zirconium-89 100
Krypton-74 1,000 Zirconium-93 1
Krypton-76 1,000 Zirconium-95 10
Krypton-77 1,000 Zirconium-97 100
Krypton-79 1,000
Niobium-88 1,000 Palladium-101 1,000
Niobium-89m Palladium-103 100
(66 min) 1,000 Palladium-107 10
Niobium-89 Palladium-109 100
(122 min) 1,000 Silver-102 1,000
Niobium-90 100 Silver-103 1,000
Niobium-93m 10 Silver-104m 1,000
Niobium-94 1 Silver-104 1,000
Niobium-95m 100 Silver-105 100
Niobium-95 100 Silver-106m 100
Niobium-96 100 Silver-106 1,000
Niobium-97 1,000 Silver-108m 1
Niobium-98 1,000 Silver-110m 10
Molybdenum-90 100 Silver-111 100
Molybdenum-93m 100 Silver-112 100
Molybdenum-93 10 Silver-115 1,000
Molybdenum-99 100 Cadmium-104 1,000
Molybdenum-101 1,000 Cadmium-107 1,000
Technetium-93m 1,000 Cadmium-109 1
Technetium-93 1,000 Cadmium-113m 0.1
Technetium-94m 1,000 Cadmium-113 100
Technetium-94 1,000 Cadmium-115m 10
Technetium-96m 1,000 Cadmium-115 100
Technetium-96 100 Cadmium-117m 1,000
Technetium-97m 100 Cadmium-117 1,000
Technetium-97 1,000 Indium-109 1,000
Technetium-98 10 Indium-110m
Technetium-99m 1,000 (69.1m) 1,000
Technetium-99 100 Indium-110
Technetium-101 1,000 (4.9h) 1,000
Technetium-104 1,000 Indium-111 100
Ruthenium-94 1,000 Indium-112 1,000
Ruthenium-97 1,000 Indium-113m 1,000
Ruthenium-103 100 Indium-114m 10
Ruthenium-105 1,000 Indium-115m 1,000
Ruthenium-106 1 Indium-115 100
Rhodium-99m 1,000 Indium-116m 1,000
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Rhodium-99 100 Indium-117m 1,000
Rhodium-100 100 Indium-117 1,000
Rhodium-101m 1,000 Indium-119m 1,000
Rhodium-101 10 Tin-110 100
Rhodium-102m 10 Tin-111 1,000
Rhodium-102 10 Tin-113 100
Rhodium-103m 1,000 Tin-117m 100
Rhodium-105 100 Tin-119m 100
Rhodium-106m 1,000 Tin-121m 100
Rhodium-107 1,000 Tin-121 1,000
Palladium-100 100
Tin-123m 1,000 Tellurium-133 1,000
Tin-123 10 Tellurium-134 1,000
Tin-125 10 lodine-120m 1,000
Tin-126 10 lodine-120 100
Tin-127 1,000 lodine-121 1,000
Tin-128 1,000 lodine-123 100
Antimony-115 1,000 lodine-124 10
Antimony-116m 1,000 lodine-125 1
Antimony-116 1,000 lodine-126 1
Antimony-117 1,000 lodine-128 1,000
Antimony-118m 1,000 lodine-129 1
Antimony-119 1,000 lodine-130 10
Antimony-120 lodine-131 1
(16m) 1,000 lodine-132m 100
Antimony-120 lodine-132 100
(5.76d) 100 lodine-133 10
Antimony-122 100 lodine-134 1,000
Antimony-124m 1,000 lodine-135 100
Antimony-124 10 Xenon-120 1,000
Antimony-125 100 Xenon-121 1,000
Antimony-126m 1,000 Xenon-122 1,000
Antimony-126 100 Xenon-123 1,000
Antimony-127 100 Xenon-125 1,000
Antimony-128 Xenon-127 1,000
(10.4m) 1,000 Xenon-129m 1,000
Antimony-128 Xenon-131m 1,000
(9.01h) 100 Xenon-133m 1,000
Antimony-129 100 Xenon-133 1,000
Antimony-130 1,000 Xenon-135m 1,000
Antimony-131 1,000 Xenon-135 1,000
Tellurium-116 1,000 Xenon-138 1,000
Tellurium-121m 10 Cesium-125 1,000
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Tellurium-121 100 Cesium-127 1,000
Tellurium-123m 10 Cesium-129 1,000
Tellurium-123 100 Cesium-130 1,000
Tellurium-125m 10 Cesium-131 1,000
Tellurium-127m 10 Cesium-132 100
Tellurium-127 1,000 Cesium-134m 1,000
Tellurium-129m 10 Cesium-134 10
Tellurium-129 1,000 Cesium-135m 1,000
Tellurium-131m 10 Cesium-135 100
Tellurium-131 100 Cesium-136 10
Tellurium-132 10 Cesium-137 10
Tellurium-133m 100 Cesium-138 1,000
Barium-126 1,000 Promethium-141 1,000
Barium-128 100 Promethium-143 100
Barium-131m 1,000 Promethium-144 10
Barium-131 100 Promethium-145 10
Barium-133m 100 Promethium-146 1
Barium-133 100 Promethium-147 10
Barium-135m 100 Promethium-148m 10
Barium-139 1,000 Promethium-148 10
Barium-140 100 Promethium-149 100
Barium-141 1,000 Promethium-150 1,000
Barium-142 1,000 Promethium-151 100
Lanthanum-131 1,000 Samarium-141m 1,000
Lanthanum-132 100 Samarium-141 1,000
Lanthanum-135 1,000 Samarium-142 1,000
Lanthanum-137 10 Samarium-145 100
Lanthanum-138 100 Samarium-146 1
Lanthanum-140 100 Samarium-147 100
Lanthanum-141 100 Samarium-151 10
Lanthanum-142 1,000 Samarium-153 100
Lanthanum-143 1,000 Samarium-155 1,000
Cerium-134 100 Samarium-156 1,000
Cerium-135 100 Europium-145 100
Cerium-137m 100 Europium-146 100
Cerium-137 1,000 Europium-147 100
Cerium-139 100 Europium-148 10
Cerium-141 100 Europium-149 100
Cerium-143 100 Europium-150
Cerium-144 1 (12.62h) 100
Praseodymium-136 1,000 Europium-150
Praseodymium-137 1,000 (34.2y) 1
Praseodymium-138m 1,000 Europium-152m 100
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Praseodymium-139 1,000 Europium-152 1
Praseodymium-142m 1,000 Europium-154 1
Praseodymium-142 100 Europium-155 10
Praseodymium-143 100 Europium-156 100
Praseodymium-144 1,000 Europium-157 100
Praseodymium-145 100 Europium-158 1,000
Praseodymium-147 1,000 Gadolinium-145 1,000
Neodymium-136 1,000 Gadolinium-146 10
Neodymium-138 100 Gadolinium-147 100
Neodymium-139m 1,000 Gadolinium-148 0.001
Neodymium-139 1,000 Gadolinium-149 100
Neodymium-141 1,000 Gadolinium-151 10
Neodymium-147 100 Gadolinium-152 100
Neodymium-149 1,000 Gadolinium-153 10
Neodymium-151 1,000 Gadolinium-159 100
Terbium-147 1,000 Ytterbium-162 1,000
Terbium-149 100 Ytterbium-166 100
Terbium-150 1,000 Ytterbium-167 1,000
Terbium-151 100 Ytterbium-169 100
Terbium-153 1,000 Ytterbium-175 100
Terbium-154 100 Ytterbium-177 1,000
Terbium-155 1,000 Ytterbium-178 1,000
Terbium-156m Lutetium-169 100
(5.0h) 1,000 Lutetium-170 100
Terbium-156m Lutetium-171 100
(24.4h) 1,000 Lutetium-172 100
Terbium-156 100 Lutetium-173 10
Terbium-157 10 Lutetium-174m 10
Terbium-158 1 Lutetium-174 10
Terbium-160 10 Lutetium-176m 1,000
Terbium-161 100 Lutetium-176 100
Dysprosium-155 1,000 Lutetium-177m 10
Dysprosium-157 1,000 Lutetium-177 100
Dysprosium-159 100 Lutetium-178m 1,000
Dysprosium-165 1,000 Lutetium-178 1,000
Dysprosium-166 100 Lutetium-179 1,000
Holmium-155 1,000 Hafnium-170 100
Holmium-157 1,000 Hafnium-172 1
Holmium-159 1,000 Hafnium-173 1,000
Holmium-161 1,000 Hafnium-175 100
Holmium-162m 1,000 Hafnium-177m 1,000
Holmium-162 1,000 Hafnium-178m 0.1
Holmium-164m 1,000 Hafnium-179m 10
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Holmium-164 1,000 Hafnium-180m 1,000
Holmium-166m 1 Hafnium-181 10
Holmium-166 100 Hafnium-182m 1,000
Holmium-167 1,000 Hafnium-182 0.1
Erbium-161 1,000 Hafnium-183 1,000
Erbium-165 1,000 Hafnium-184 100
Erbium-169 100 Tantalum-172 1,000
Erbium-171 100 Tantalum-173 1,000
Erbium-172 100 Tantalum-174 1,000
Thulium-162 1,000 Tantalum-175 1,000
Thulium-166 100 Tantalum-176 100
Thulium-167 100 Tantalum-177 1,000
Thulium-170 10 Tantalum-178 1,000
Thulium-171 10 Tantalum-179 100
Thulium-172 100 Tantalum-180m 1,000
Thulium-173 100 Tantalum-180 100
Thulium-175 1,000 Tantalum-182m 1,000
Tantalum-182 10 Iridium-188 100
Tantalum-183 100 Iridium-189 100
Tantalum-184 100 [ridium-190m 1,000
Tantalum-185 1,000 Iridium-190 100
Tantalum-186 1,000 Iridium-192m
Tungsten-176 1,000 (1.4m) 10
Tungsten-177 1,000 Iridium-192
Tungsten-178 1,000 (73.8d) 1
Tungsten-179 1,000 Iridium-194m 10
Tungsten-181 1,000 Iridium-194 100
Tungsten-185 100 Iridium-195m 1,000
Tungsten-187 100 Iridium-195 1,000
Tungsten-188 10 Platinum-186 1,000
Rhenium-177 1,000 Platinum-188 100
Rhenium-178 1,000 Platinum-189 1,000
Rhenium-181 1,000 Platinum-191 100
Rhenium-182 Platinum-193m 100
(12.7h) 1,000 Platinum-193 1,000
Rhenium-182 Platinum-195m 100
(64.0h) 100 Platinum-197m 1,000
Rhenium-184m 10 Platinum-197 100
Rhenium-184 100 Platinum-199 1,000
Rhenium-186m 10 Platinum-200 100
Rhenium-186 100 Gold-193 1,000
Rhenium-187 1,000 Gold-194 100
Rhenium-188m 1,000 Gold-195 10
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Rhenium-188 100 Gold-198m 100
Rhenium-189 100 Gold-198 100
Osmium-180 1,000 Gold-199 100
Osmium-181 1,000 Gold-200m 100
Osmium-182 100 Gold-200 1,000
Osmium-185 100 Gold-201 1,000
Osmium-189m 1,000 Mercury-193m 100
Osmium-191m 1,000 Mercury-193 1,000
Osmium-191 100 Mercury-194 1
Osmium-193 100 Mercury-195m 100
Osmium-194 1 Mercury-195 1,000
Iridium-182 1,000 Mercury-197m 100
Iridium-184 1,000 Mercury-197 1,000
Iridium-185 1,000 Mercury-199m 1,000
Iridium-186 100 Mercury-203 100
Iridium-187 1,000
Thallium-194m 1,000 Francium-223 100
Thallium-194 1,000 Radium-223 0.1
Thallium-195 1,000 Radium-224 0.1
Thallium-197 1,000 Radium-225 0.1
Thallium-198m 1,000 Radium-226 0.1
Thallium-198 1,000 Radium-227 1,000
Thallium-199 1,000 Radium-228 0.1
Thallium-201 1,000 Actinium-224 1
Thallium-200 1,000 Actinium-225 0.01
Thallium-202 100 Actinium-226 0.1
Thallium-204 100 Actinium-227 0.001
Lead-195m 1,000 Actinium-228 1
Lead-198 1,000 Thorium-226 10
Lead-199 1,000 Thorium-227 0.01
Lead-200 100 Thorium-228 0.001
Lead-201 1,000 Thorium-229 0.001
Lead-202m 1,000 Thorium-230 0.001
Lead-202 10 Thorium-231 100
Lead-203 1,000 Thorium-232 100
Lead-205 100 Thorium-234 10
Lead-209 1,000 Thorium-natural 100
Lead-210 0.01 Protactinium-227 10
Lead-211 100 Protactinium-228 1
Lead-212 1 Protactinium-230 0.1
Lead-214 100 Protactinium-231 0.001
Bismuth-200 1,000 Protactinium-232 1
Bismuth-201 1,000 Protactinium-233 100
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*
Bismuth-202 1,000 Protactinium-234 100
Bismuth-203 100 Uranium-230 0.01
Bismuth-205 100 Uranium-231 100
Bismuth-206 100 Uranium-232 0.001
Bismuth-207 10 Uranium-233 0.001
Bismuth-210m 0.1 Uranium-234 0.001
Bismuth-210 1 Uranium-235 0.001
Bismuth-212 10 Uranium-236 0.001
Bismuth-213 10 Uranium-237 100
Bismuth-214 100 Uranium-238 100
Polonium-203 1,000 Uranium-239 1,000
Polonium-205 1,000 Uranium-240 100
Polonium-207 1,000 Uranium-natural 100
Polonium-210 0.1 Neptunium-232 100
Astatine-207 100 Neptunium-233 1,000
Astatine-211 10 Neptunium-234 100
Radon-220 1 Neptunium-235 100
Radon-222 1 Neptunium-236
Francium-222 100 (1.15E+5) 0.001
Neptunium-236 Curium-242 0.01
(22.5h) 1 Curium-243 0.001
Neptunium-237 0.001 Curium-244 0.001
Neptunium-238 10 Curium-245 0.001
Neptunium-239 100 Curium-246 0.001
Neptunium-240 1,000 Curium-247 0.001
Plutonium-234 10 Curium-248 0.001
Plutonium-235 1,000 Curium-249 1,000
Plutonium-236 0.001 Berkelium-245 100
Plutonium-237 100 Berkelium-246 100
Plutonium-238 0.001 Berkelium-247 0.001
Plutonium-239 0.001 Berkelium-249 0.1
Plutonium-240 0.001 Berkelium-250 10
Plutonium-241 0.01 Californium-244 100
Plutonium-242 0.001 Californium-246 1
Plutonium-243 1,000 Californium-248 0.01
Plutonium-244 0.001 Californium-249 0.001
Plutonium-245 100 Californium-250 0.001
Americium-237 1,000 Californium-251 0.001
Americium-238 100 Californium-252 0.001
Americium-239 1,000 Californium-253 0.1
Americium-240 100 Californium-254 0.001
Americium-241 0.001 Einsteinium-250 100
Americium-242m 0.001 Einsteinium-251 100
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Radionuclide Quantity Radionuclide Quantity
(uCi)* (uCi)*

Americium-242 10 Einsteinium-253 0.1
Americium-243 0.001 Einsteinium-254m 1
Americium-244m 100 Einsteinium-254 0.01
Americium-244 10 Fermium-252 1
Americium-245 1,000 Fermium-253 1
Americium-246m 1,000 Fermium-254 10
Americium-246 1,000 Fermium-255 1
Curium-238 100 Fermium-257 0.01
Curium-240 0.1 Mendelevium-257 10
Curium-241 1 Mendelevium-258 0.01
Any alpha-emitting Any radionuclide
radionuclide not other than alpha-
listed above or emitting radionuc-
mix_tures of alpha 0.001 lides not Iistgd 0.01
emitters of unknown above, or mixtures
composition of beta emitters of

unknown composi-

tion

NOTE: For purposes of 400.30(5), 400.32(1), ar@l3®(1) where there is involved a combination
of radionuclides in known amounts, the limit foetbombination shall be derived as follows:
determine, for each radionuclide in the combinattbe ratio between the quantity present in the
combination and the limit otherwise established floe specific radionuclide when not in
combination. The sum of such ratios for all radidides in the combination may not exceed "1" —
that is, unity.

The quantities listed above were derived by takili§th of the most restrictive ALl listed in Table
I, Columns 1 and 2, of Appendix B of this sectioounding to the nearest factor of 10, and
constraining the values listed between 0.001 a®®0l,microcuries (37 becquerels and 37
megabecquerels).Values of 100 microcuries (3.7 megabecquerels) Haen assigned for
radionuclides having a radioactive half-life in egs of E+9 years, except rhenium, 1000
microcuries (37 megabecquerels), to take into atcou

their low specific activity.
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Subpart 78
Section 400
APPENDIX D

Requirements For Transfer Of Low-Level RadioactiveWaste Intended For Disposal At
Licensed Land Disposal Facilities And Manifests

l. Manifest.

A waste generator, collector, or processor whosfparts, or offers for transportation, low-
level radioactive waste intended for ultimate desgl@t a licensed low-level radioactive waste land
disposal facility must prepare a Manifest reflegtimformation requested on applicable NRC Forms
540 (Uniform Low-Level Radioactive Waste ManifeSh{pping Paper)) and 541 (Uniform Low-
Level Radioactive Waste Manifest (Container and t&/&escription)) and, if necessary, on an
applicable NRC Form 542 (Uniform Low-Level RadigaetWaste Manifest (Manifest Index and
Regional Compact Tabulation)). NRC Forms 540 af@Aomust be completed and must physically
accompany the pertinent low-level waste shipmehtpon agreement between shipper and
consignee, NRC Forms 541 and 541A and 542 and 5#Abe completed, transmitted, and stored
in electronic media with the capability for produgilegible, accurate, and complete records on the
respective forms. Licensees are not required byAfency to comply with the manifesting
requirements of this section when they ship:

(a) LLW for processing and expect its return (ifet,storage under their license) prior to
disposal at a licensed land disposal facility:

(b) LLW is being returned to the licensee who s ttvaste generator” or “generator,” as
defined in this section, or

(c) Radioactively contaminated material to a “wgstecessor” that becomes the processor’s
“residual waste.”

For guidance in completing these forms, refer éitistructions that accompany the forms.
Copies of manifests required by this appendix maydgible carbon copies, photocopies, or
computer printouts that reproduce the data in dneat of the uniform manifest.

NRC Forms 540, 540A, 541, 541A, 542 and 542A, &edaiccompanying instructions, in
hard copy, may be obtained from the Information Redords Management Branch, Office of
Information Resources Management, U.S. Nuclear Régy Commission, Washington, DC
20555, telephone (301) 415-7232.

This appendix includes information requirementshef Department of Transportation, as
codified in 49 CFR part 172. Information on hazarsl medical, or other waste, required to meet
Environmental Protection Agency regulations, asfeatlin 40 CFR parts 259, 261 or elsewhere, is
not addressed in this section, and must be prouvitethe required EPA forms. However, the
required EPA forms must accompany the Uniform Loswél Radioactive Waste Manifest required
by this chapter.
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As used in this appendix, the following definiticaysply:
“Chelating agent” has the same meaning as thahgiv&é00.02 of these regulations.

“Chemical description” means a description of thagpal chemical characteristics of a low-level
radioactive waste.

“Computer-readable medium” means that the regufatmency’s computer can transfer the
information from the medium into its memory.

“Consignee” means the designated receiver of therent of low-level radioactive waste.

“Decontamination facility” means a facility operagi under an Agency, U.S. Nuclear Regulatory
Commission, Agreement State or Licensing State wiposicipal purpose is decontamination of
equipment or materials to accomplish recycle, renrsether waste management objectives, and, for
purposes of this section, is not considered to tenaignee for LLW shipments.

“Disposal container” means a container principalbed to confine low-level radioactive waste
during disposal operations at a land disposalifa¢diso see “high integrity container”). Noteth
for some shipments, the disposal container mapdéransport package.

“EPA identification number” means the number reediby a transporter following application to
the Administrator of EPA as required by 40 CFR R2&3.

“Generator” means a licensee operating under amé&geJ.S. Nuclear Regulatory Commission,
Agreement State or Licensing State license whis(@)waste generator as defined in this section, or
(2) is the licensee to whom waste can be attribwigdn the context of the Low-Level Radioactive
Waste Policy Amendments Act of 1985 (e.g., wasteeggted as a result of decontamination or
recycle activities).

“High integrity container (HIC)” means a contairmymmonly designed to meet the structural
stability requirements of Appendix E, Section Ihdato meet Department of Transportation
requirements for a Type A package.

“Land disposal facility” means the land, buildireged structures, and equipment which are intended
to be used for the disposal of radioactive wastes.

“NRC Forms 540, 540A, 541, 541A, 542, and 542A" afécial U.S. Nuclear Regulatory
Commission Forms referenced in this appendix. nsees need not use originals of these NRC
Forms as long as any substitute forms are equividetme original documentation in respect to
content, clarity, size, and location of information

“Package” means the assembly of components negdssamsure compliance with the packaging
requirements of DOT regulations, together withaidioactive contents, as presented for transport.

“Physical description” means the items called for MRC Form 541 to describe a low-level
radioactive waste.
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“Residual waste” means low-level radioactive wasgeilting from processing or decontamination
activities that cannot be easily separated intdindis batches attributable to specific waste
generators. This waste is attributable to thegssor or decontamination facility, as applicable.

“Shipper” means the licensed entity (i.e., the wagnerator, waste collector, or waste processor)
who offers low-level radioactive waste for trangption, typically consigning this type of wasteto
licensed waste collector, waste processor, or téspbsal facility operator.

“Shipping paper” means NRC Form 540 and if requidBC Form 540A which includes the
information required by DOT in 49 CFR part 172.

“Source material” has the same meaning as defim@80.02 of these regulations.
“Special nuclear material” has the same meanirdgéised in 100.02 of these regulations.

“Uniform Low-Level Radioactive Waste Manifest orifomm manifest” means the combination of
NRC Forms 540, 541, and, if necessary, 542, andréspective continuation sheets as needed, or
equivalent.

“Waste collector” means an entity, operating under Agency, U.S. Nuclear Regulatory
Commission, Agreement State, or Licensing Staembe whose principal purpose is to collect and
consolidate waste generated by others, and tdérathss waste, without processing or repackaging
the collected waste, to another licensed wastedolt, licensed waste processor, or licensed land
disposal facility.

“Waste description” means the physical, chemical eadiological description of a low-level
radioactive waste as called for on NRC Form 541.

“Waste generator” means an entity, operating uraterAgency, U.S. Nuclear Regulatory
Commission, Agreement State, or Licensing Statenie, who (1) possesses any material or
component that contains radioactivity or is radin@ty contaminated for which the licensee
foresees no further use, and (2) transfers thigmaator component to a licensed land disposal
facility or to a licensed waste collector or pramsfor handling or treatment prior to disposal. A
licensee performing processing or decontaminatewices may be a “waste generator” if the
transfer of low-level radioactive waste from itsifay is defined as “residual waste.”

“Waste processor” means an entity, operating uraterAgency, U.S. Nuclear Regulatory
Commission , Agreement State, or Licensing Statnbe, whose principal purpose is to process,
repackage, or otherwise treat low-level radioacthagerial or waste generated by others prior to
eventual transfer of waste to a licensed low-leadloactive waste land disposal facility.

“Waste type” means a waste within a disposal caetdiaving a unique physical description (i.e., a
specific waste descriptor code or description; aragte sorbed on or solidified in a specifically
defined media).

Information Requirements

A. General Information
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The shipper of the radioactive waste, shall providefollowing information on the uniform
manifest:

1. The name, facility address, and telephone numibte licensee shipping the waste;

2. An explicit declaration indicating whether th&pgper is acting as a waste generator,
collector, processor, or a combination of thesatifiers for purposes of the manifested shipment;
and

3. The name, address, and telephone number, oathe and EPA identification number
for the carrier transporting the waste.

B. Shipment Information

The shipper of the radioactive waste shall protiegollowing information regarding the waste
shipment on the uniform manifest:

1. The date of the waste shipment;

2. The total number of packages/disposal contginers

3. The total disposal volume and disposal weighhéshipment;
4. The total radionuclide activity in the shipment;

5. The activity of each of the radionuclides H-314 Tc-99, and 1-129 contained in the
shipment; and

6. The total masses of U-233, U-235, and plutonimirspecial nuclear material, and the
total mass of uranium and thorium in source mdteria

C. Disposal Container and Waste Information

The shipper of the radioactive waste shall provitefollowing information on the uniform
manifest regarding the waste and each disposahic@mtof waste in the shipment:

1. An alphabetic or numeric identification thaiquely identifies each disposal container in
the shipment;

2. A physical description of the disposal contgiimeluding the manufacturer and model of
any high integrity container,

3. The volume displaced by the disposal container;
4. The gross weight of the disposal containetuttiog the waste;
5. For waste consigned to a disposal facility tfaximum radiation level at the surface of

each disposal container;
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6. A physical and chemical description of the wast

7. The total weight percentage of chelating afmrany waste containing more than 0.1%
chelating agent by weight, plus the identity of gnimcipal chelating agent;

8. The approximate volume of waste within a corggi

9. The sorbing or solidification media, if anydahe identity of the solidification media
vendor and brand name;

10. The identities and activities of individuatii@nuclides contained in each container, the
masses of U-233, U-235, and plutonium in specialear material, and the masses of uranium and
thorium in source material. For discrete wasteesyp(i.e., activated materials, contaminated
equipment, mechanical filters, sealed source/dsyiaad wastes in solidification/stabilization
media), the identities and activities of individuadlionuclides associated with or contained orethes
waste types within a disposal container shall lpented,;

11. The total radioactivity within each containangd

12. For wastes consigned to a disposal facilitg, dlassification of the waste pursuant to
Section | of Appendix E of this section. Waste maeting the structural stability requirements of
Section 1l B of Appendix E of this section mustitentified.

D. Uncontainerized Waste Information

The shipper of the radioactive waste shall provigefollowing information on the uniform
manifest regarding a waste shipment delivered witladisposal container;

1. The approximate volume and weight of the waste;
2. A physical and chemical description of the wast

3. The total weight percentage of chelating agfethie chelating agent exceeds 0.1% by
weight, plus the identity of the principal chelgtiagent;

4. For waste consigned to a disposal facility, dlaessification of the waste pursuant to
Section | of Appendix E of this section. Waste ma&teting the structural stability requirements of
Section 11.B of Appendix E of this section mustitentified.

5. The identities and activities of individual imauclides contained in the waste, the masses
of U-233, U-235, and plutonium in special nucleatenial, and the masses of uranium and thorium
in source material; and

6. For wastes consigned to a disposal faciligynlaximum radiation levels at the surface of
the waste.

E. Multi-Generator Disposal Container Information
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This section applies to disposal containers enupsiixtures of waste originating from different
generators. (Note: The origin of the LLW resultfrgm a processor’s activities may be attributable
to one or more “generators” (including “waste gemens”) as defined in this section). It also agpli
to mixtures of wastes shipped in an Uncontaineriaad, for which portions of the mixture within
the shipment originate from different generators.

1. For homogeneous mixtures of waste, such asdraor ash, provide the waste
description applicable to the mixture and the vaurhthe waste attributed to each generator.

2. For heterogeneous mixtures of waste, such exambined products from a large
compactor, identify each generator contributingteds the disposal container, and, for discrete
waste types (i.e., activated materials, contamthagquipment, mechanical filters, sealed
source/devices, and wastes in solidification/sizdition media), the identities and activities of
individual radionuclides contained on these wagbed within the disposal container. For each
generator, provide the following:

(@) The volume of waste within the disposal corggin

(b) A physical and chemical description of the wastcluding the solidification agent,
if any;

(c) The total weight percentage of chelating agdotsany disposal container
containing more than 0.1% chelating agent by weiglots the identity of the principal chelating
agent;

(d) The sorbing or solidification media, if any,datime identity of the solidification
media vendor and brand name if the media is clatmaaket stability requirements in Section I1.B
of Appendix E of this section; and

(e) Radionuclide identities and activities contdiimethe waste, the masses of U-233,
U-235, and plutonium in special nuclear materiat] the masses of uranium and thorium in source
material if contained in the waste.

Il. Certification

An authorized representative of the waste generptocessor, or collector shall certify by
signing and dating the shipment manifest that thasported materials are properly classified,
described, packaged, marked, and labeled and preper condition for transportation according to
the applicable regulations of the Department om$partation and the Agency. A collector in
signing the certification is certifying that notlgihas been done to the collected waste which would
invalidate the waste generator’s certification.

[ll. Control and Tracking

A. Any licensee who transfers radioactive wasi® leind disposal facility or a licensed
waste collector shall comply with the requiremesftSection I11.A(1) through (9).
Any licensee who transfers waste to a licensedeyarsicessor for waste treatment
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or repackaging shall comply with the requiremefSextion IIl.A(1) through (9). A
licensee shall:

1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

(9)

Prepare all wastes so that the waste is clegsdfccording to Section | of
Appendix E of this section and meets the wasteatiaristics requirements
in Section Il of Appendix E of this section;

Label each disposal container (or transporkage if potential radiation
hazards preclude labeling of the individual dispasatainer) of waste to
identify whether it is Class A waste, Class B wasteClass C waste, or
greater than Class C waste in accordance with@eatf Appendix E of this
section;

Conduct a quality assurance program to ensurgbance with Sections |
and Il of Appendix E of this section; (the prograhall include management
evaluation of audits);

Prepare the NRC Uniform Low-Level Radioactiveadd¢ Manifest as
required by this appendix;

Forward a copy or electronically transfer theniform Low-Level
Radioactive Waste Manifest to the intended conggse that either (i)
receipt of the manifest precedes the LLW shipmer{iipthe manifest is
delivered to the consignee with the waste at the the waste is transferred
to the consignee. Using both (i) and (ii) is asoeptable;

Include NRC Form 540 (and NRC Form 540A, ifuieed) with the shipment
regardless of the option in Section III.A.5 of te&ction;

Receive acknowledgement of the receipt of thiprsent in the form of a
signed copy of NRC Form 540;

Retain a copy or electronically store the UmioLow-Level Radioactive
Waste Manifest, and documentation of acknowledgemkreceipt as the
record of transfer of licensed material as requing&ection 300;

For any shipments or any part of a shipmenwoich acknowledgement of
receipt has not been received within the timeda#h in this appendix,
conduct an investigation in accordance with SedifiloB.

B. Any waste collector licensee who handles ongppckaged waste shall:

(1)

(2)

Acknowledge receipt of the waste from the shipwithin one week of
receipt by returning a signed copy of NRC Form 540;

Prepare a new manifest to reflect consolidategments that meet the
requirements of this appendix. The waste collesttatl ensure that, for each
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container of waste in the shipment, the manifesttifies the generator of
that container of waste;

Forward a copy or electronically transfer theniform Low-Level
Radioactive Waste Manifest to the intended con&ge that either: (i)
Receipt of the manifest precedes the LLW shipmertiiothe manifest is
delivered to the consignee with the waste at the the waste is transferred
to the consignee. Using both (i) and (ii) is asoeptable;

Include NRC Form 540 (and NRC Form 540A, ifuieed) with the shipment
regardless of the option chosen in Section 111.B.(3

Receive acknowledgement of the receipt of thiprsent in the form of a
signed copy of NRC Form 540;

Retain a copy or electronically store the Umid_ow-Level Radioactive
Waste Manifest and documentation of acknowledgermkrgceipt;

For any shipments or any part of a shipmenwoich acknowledgement of
receipt has not been received within the timeda#h in this appendix,
conduct an investigation in accordance with SedtioB; and

Notify the shipper and the Agency when any stapt, or part of a shipment,
has not arrived within 60 days after receipt oldmance manifest, unless
notified by the shipper that the shipment has luagrcelled.

C. Any licensed waste processor who treats or iegupes wastes shall:

(1)

(2)

3)

(4)

(5)

Acknowledge receipt of the waste from the shipwithin one week of
receipt by returning a signed copy of the NRC Féd1;

Prepare a new manifest that meets the requimsmef this appendix.
Preparation of the new manifest reflects that tieegssor is responsible for
meeting these requirements. For each containeaste in the shipment, the
manifest shall identify the waste generators, te@mcessed waste volume,
and the other information as required in Secti&n of this appendix;

Prepare all wastes so that the waste is clegsdfccording to Section | of
Appendix E and meets the waste characteristicsrezgants in Section Il of
Appendix E of this section;

Label each package of waste to identify wheitherClass A waste, Class B
waste, or Class C waste, in accordance with Sectiand |1l of Appendix E
of this section;

Conduct a quality assurance program to ensurgbance with Sections |
and Il of Appendix E of this section. (The prograshall include
management evaluation of audits);
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Forward a copy or electronically transfer theniform Low-Level
Radioactive Waste Manifest to the intended con&gse that either; (i)
Receipt of the manifest precedes the LLW shipmertiiothe manifest is
delivered to the consignee with the waste at the the waste is transferred
to the consignee. Using both (i) and (ii) is asoeptable;

Include NRC Form 540 (and NRC Form 540A, ifuieed) with the shipment
regardless of the option chosen in Section lll.xCof6Appendix D;

Receive acknowledgement of the receipt of tiiprsent in the form of a
signed copy of NRC Form 540;

Retain a copy or electronically store the UmioLow-Level Radioactive
Waste Manifest and documentation of acknowledgeroergceipt as the
record of transfer of licensed material as requibgdBection 300 of these
regulations;

For any shipment or any part of a shipmenwfioich acknowledgement has
not been received within the times set forth irs tppendix, conduct an
investigation in accordance with Section IIl.E gfgeendix D; and

Notify the shipper and the Agency when anpstent, or part of a shipment,
has not arrived within 60 days after receipt oldwance manifest, unless
notified by the shipper that the shipment has lwegrcelled.

D. The land disposal facility operator shall:

(1)

(2)

3)

Acknowledge receipt of the waste within one kvefreceipt by returning, as

a minimum, a signed copy of NRC Form 540 to thepéi. The shipper to

be notified is the licensee who last possessewéste and transferred the
waste to the operator. If any discrepancy existaéxen materials listed on

the Uniform Low-Level Radioactive Waste Manifestlanaterials received,

copies or electronic transfer of the affected fomusst be returned indicating
the discrepancy;

Maintain copies of all completed manifests aatectronically store the
information until the Agency terminates the licersed

Notify the shipper and the Agency when any stept or part of a shipment
has not arrived within 60 days after receipt oldwance manifest, unless
notified by the shipper that the shipment has luagrcelled.

E. Any shipment or part of a shipment for which rrmkledgement is not received
within the times set forth in this section must:

(1) Be investigated by the shipper if the shippes hot received notification or
receipt within 20 days after transfer; and
REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection

Division of Radiological Health



166

(2) Be traced and reported. The investigationl ghelde tracing the shipment
and filing a report with the Agency. Each licensd® conducts a trace
investigation shall file a written report with t@gency within 2 weeks of
completion of the investigation.
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Subpart 78
Section 400
APPENDIX E
Classification and Characteristics of Low-Level Ragactive Waste
l. Classification of Radioactive Waste for Land jmsal

A. Considerations. Determination of the classtfma of radioactive waste involves
two considerations. First, consideration mustilergto the concentration of long-
lived radionuclides (and their shorter-lived presars) whose potential hazard will
persist long after such precautions as institutiomatrols, improved waste form, and
deeper disposal have ceased to be effective. Tinesautions delay the time when
long-lived radionuclides could cause exposuresaduition, the magnitude of the
potential dose is limited by the concentration awndilability of the radionuclide at
the time of exposure. Second, consideration meigfiven to the concentration of
shorter-lived radionuclides for which requiremeaisinstitutional controls, waste
form, and disposal methods are effective.

B. Classes of waste.

(1) Class A waste is waste that is usually segeegfabm other waste classes at
the disposal site. The physical form and chareties of Class A waste
must meet the minimum requirements set forth irtiGedl.A. If Class A
waste also meets the stability requirements s#t forSection 11.B, it is not
necessary to segregate the waste for disposal.

(2) Class B waste is waste that must meet moreaigorequirements on waste
form to ensure stability after disposal. The pbgsiorm and characteristics
of Class B waste must meet both the minimum arglgyarequirements set
forth in Section II.

(3) Class C waste is waste that not only must mmeee rigorous requirements
on waste form to ensure stability but also requadgitional measures at the
disposal facility to protect against inadverteritusion. The physical form
and characteristics of Class C waste must meet thethminimum and
stability requirements set forth in Section II.

C. Classification determined by long-lived radioldes. If the radioactive waste
contains only radionuclides listed in Table |, sifisation shall be determined as
follows:

(2) If the concentration does not exceed 0.1 tithewalue in Table |, the waste
is Class A.
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(2) If the concentration exceeds 0.1 times thee/@tuTable |, but does not
exceed the value in Table I, the waste is Class C.
3) If the concentration exceeds the value in Taltlee waste is not generally
acceptable for land disposal.
4) For wastes containing mixtures of radionucliisted in Table I, the total
concentration shall be determined by the sum atifvas rule described in
Section I.G.
TABLE |
. : Concentration
Radionuclide curie/cubic metér nanocurie/grath
C-14 8
C-14 in activated metal 80
Ni-59 in activated metal 220
Nb-94 in activated metal 0.2
Tc-99 3
1-129 0.08

Alpha emitting transuranic
radionuclides with half-life

100

greater than five years

Pu-241
Cm-242
Ra-226

3,500
20,000
100

®To convert the Ci/mvalues to gigabecquerels (GBQ) per cubic meteltjphuthe Ci/nT value by

37.

®To convert the nCi/g values to becquerel (Bq) pang multiply the nCi/g value by 37.

D.

Classification determined by short-lived radioldes. If the waste does not contain
any of the radionuclides listed in Table I, classifion shall be determined based on
the concentrations shown in Table Il. Howeverspscified in Section I.F, if
radioactive waste does not contain any nuclidésdig either Table | or I, it is
Class A.

(1)

(2)

3)

If the concentration does not exceed the valuéolumn 1, the waste is
Class A.

If the concentration exceeds the value in Colunbut does not exceed the
value in Column 2, the waste is Class B.

If the concentration exceeds the value in Col@but does not exceed the
value in Column 3, the waste is Class C.
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(4) If the concentration exceeds the value in Col@ythe waste is not generally
acceptable for near-surface disposal.

(5) For wastes containing mixtures of the radionlgd listed in Table I, the
total concentration shall be determined by the stifractions rule described

in Section I.G.
TABLE I

Radionuclide Concentration, curie/cubic meter*

Column 1 Column 2 Column 3
Total of all
radionuclides with less
than 5-year half-life 700 * *
H-3 40 * *
Co-60 700 * *
Ni-63 3.5 70 700
Ni-63 in activated metal 35 700 7000
Sr-90 0.04 150 7000
Cs-137 1 44 4600

*  To convert the Ci/mvalue to gigabecquerels (GBq) per cubic metertipiutthe Ci/n? value
by 37. There are no limits established for thas@mnuclides in Class B or C wastes. Practical
considerations such as the effects of externalatiati and internal heat generation on
transportation, handling, and disposal will linhetconcentrations for these wastes. These
wastes shall be Class B unless the concentratimtaer radionuclides in Table Il determine
the waste to be Class C independent of these nadlides.

E. Classification determined by both long- and shieed radionuclides. If the
radioactive waste contains a mixture of radionwdidsome of which are listed in
Table | and some of which are listed in TablelHssification shall be determined as
follows:

(2) If the concentration of a radionuclide listedTiable | is less than 0.1 times
the value listed in Table I, the class shall bet thetermined by the
concentration of radionuclides listed in Table ILI.

(2) If the concentration of a radionuclide listedliable | exceeds 0.1 times the
value listed in Table I, but does not exceed tHaevan Table I, the waste
shall be Class C, provided the concentration abractlides listed in Table
Il does not exceed the value shown in Column 3atfid I1.

F. Classification of wastes with radionuclides ottin those listed in Tables | and .
If the waste does not contain any radionuclidésdig either Table I or I, it is Class
A.

G. The sum of the fractions rule for mixtures oflicmuclides. For determining

classification for waste that contains a mixturgafionuclides, it is necessary to
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determine the sum of fractions by dividing eachaadclide's concentration by the
appropriate limit and adding the resulting valu€ke appropriate limits must all be
taken from the same column of the same table. stine of the fractions for the
column must be less than 1.0 if the waste classhe determined by that column.
Example: A waste contains Sr-90 in a concentraifd0 Ci/n? (1.85 TBg/ni) and
Cs-137 in a concentration of 22 C¥(814 GBaq/ni). Since the concentrations both
exceed the values in Column 1, Table Il, they rbestompared to Column 2 values.
For Sr-90 fraction, 50/150 = 0.33., for Cs-137 fi@at, 22/44 = 0.5; the sum of the
fractions = 0.83. Since the sum is less thanthéwaste is Class B.

H. Determination of concentrations in wastes. ddrcentration of a radionuclide may
be determined by indirect methods such as useatihgcfactors which relate the
inferred concentration of one radionuclide to aeotlthat is measured, or
radionuclide material accountability, if thereeasonable assurance that the indirect
methods can be correlated with actual measurementse concentration of a
radionuclide may be averaged over the volume ofvidmte or weight of the waste if
the units are expressed as becquerel (nanocurigyae.

1. Radioactive Waste Characteristics

A. The following are minimum requirements for ddgses of waste and are intended to
facilitate handling and provide protection of hbadind safety of personnel at the
disposal site.

(2) Wastes shall be packaged in conformance weélttimditions of the license
issued to the site operator to which the waste lvalshipped. Where the
conditions of the site license are more restrictiven the provisions of
Section 400, the site license conditions shall gove

(2) Wastes shall not be packaged for disposalribeerd or fiberboard boxes.

3) Liquid waste shall be packaged in sufficiens@bent material to absorb
twice the volume of the liquid.

4) Solid waste containing liquid shall containlisite free-standing and non-
corrosive liquid as is reasonably achievable, buta case shall the liquid
exceed 1% of the volume.

5) Waste shall not be readily capable of detomatmr of explosive
decomposition or reaction at normal pressures antpératures, or of
explosive reaction with water.

(6) Waste shall not contain, or be capable of geimgy, quantities of toxic gases,
vapors, or fumes harmful to persons transportiagdhing, or disposing of
the waste. This does not apply to radioactive gasevaste packaged in
accordance with Section 11.A(8).
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Waste must not be pyrophoric. Pyrophoric maleicontained in wastes
shall be treated, prepared, and packaged to béanomible.

Wastes in a gaseous form shall be packagedatisolute pressure that does
not exceed 1.5 atmospheres at@0 Total activity shall not exceed 100
curies (3.7 terabecquerels) per container.

Wastes containing hazardous, biological, pathayg or infectious material
shall be treated to reduce to the maximum extemttimable the potential
hazard from the non-radiological materials.

B. The following requirements are intended to pde\stability of the waste. Stability is
intended to ensure that the waste does not degratlaffect overall stability of the
site through slumping, collapse, or other failurthe disposal unit and thereby lead
to water infiltration. Stability is also a factiorlimiting exposure to an inadvertent
intruder, since it provides a recognizable and mspetsible waste.

1)

(2)

3)

Labeling

Waste shall have structural stability. A sturally stable waste form will

generally maintain its physical dimensions andats, under the expected
disposal conditions such as weight of overburdelitampaction equipment,
the presence of moisture, and microbial activity] enternal factors such as
radiation effects and chemical changes. Strucsiadlility can be provided

by the waste form itself, processing the wastesiable form, or placing the
waste in a disposal container or structure thatiges stability after disposal.

Notwithstanding the provisions in Section lI3\@nd (4), liquid wastes, or

wastes containing liquid, shall be converted infioren that contains as little

free-standing and non-corrosive liquid as is reabynachievable, but in no

case shall the liquid exceed 1% of the volume efthste when the waste is
in a disposal container designed to ensure stalit0.5% of the volume of

the waste for waste processed to a stable form.

Void spaces within the waste and between tretenend its package shall be
reduced to the extent practicable.

Each package of waste shall be clearly labeledewtify whether it is Class A, Class B, or
Class C waste, in accordance with Section 1.
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Subpart 78
Section 400
APPENDIX F

Quantities For Use With Decommissioning

Material Microcurie*
Americium-241 0.01
Antimony-122 100
Antimony-124 10
Antimony-125 10
Arsenic-73 100
Arsenic-74 10
Arsenic-76 10
Arsenic-77 100
Barium-131 10
Barium-133 10
Barium-140 10
Bismuth-210 1
Bromine-82 10
Cadmium-109 10
Cadmium-115m 10
Cadmium-115 100
Calcium-45 10
Calcium-47 10
Carbon-14 100
Cerium-141 100
Cerium-143 100
Cerium-144 1
Cesium-131 1,000
Cesium-134m 100
Cesium-134 1
Cesium-135 10
Cesium-136 10
Cesium-137 10
Chlorine-36 10
Chlorine-38 10
Chromium-51 1,000
Cobalt-58m 10
Cobalt-58 10
Cobalt-60 1
Copper-64 100

* To convert microcurigi(Ci) to kilobecquerels (kBq), multiply theCi value by 37.
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Material Microcurie*
Dysprosium-165 10
Dysprosium-166 100
Erbium-169 100
Erbium-171 100
Europium-152 (9.2 h) 100
Europium-152 (13 yr) 1
Europium-154 1
Europium-155 10
Fluorine-18 1,000
Gadolinium-153 10
Gadolinium-159 100
Gallium-72 10
Germanium-71 100
Gold-198 100
Gold-199 100
Hafnium-181 10
Holmium-166 100
Hydrogen-3 1,000
Indium-113m 100
Indium-114m 10
Indium-115m 100
Indium-115 10
lodine-125 1
lodine-126 1
lodine-129 0.1
lodine-131 1
lodine-132 10
lodine-133 1
lodine-134 10
lodine-135 10
Iridium-192 10
Iridium-194 100
Iron-55 100
Iron-59 10
Krypton-85 100
Krypton-87 10
Lanthanum-140 10
Lutetium-177 100
Manganese-52 10
Manganese-54 10
Manganese-56 10
Mercury-197m 100

* To convert microcurigi(Ci) to kilobecquerel (kBq), multiply theCi value by 37.
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Material Microcurie*
Mercury-197 100
Mercury-203 10
Molybdenum-99 100
Neodymium-147 100
Neodymium-149 100
Nickel-59 100
Nickel-63 10
Nickel-65 100
Niobium-93m 10
Niobium-95 10
Niobium-97 10
Osmium-185 10
Osmium-191m 100
Osmium-191 100
Osmium-193 100
Palladium-103 100
Palladium-109 100
Phosphorus-32 10
Platinum-191 100
Platinum-193m 100
Platinum-193 100
Platinum-197m 100
Platinum-197 100
Plutonium-239 0.01
Polonium-210 0.1
Potassium-42 10
Praseodymium-142 100
Praseodymium-143 100
Promethium-147 10
Promethium-149 10
Radium-226 0.01
Rhenium-186 100
Rhenium-188 100
Rhodium-103m 100
Rhodium-105 100
Rubidium-86 10
Rubidium-87 10
Ruthenium-97 100
Ruthenium-103 10
Ruthenium-105 10
Ruthenium-106 1
Samarium-151 10

* To convert microcurigi(Ci) to kilobecquerel (kBq), multiply theCi value by 37.
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Material Microcurie*
Samarium-153 100
Scandium-46 10
Scandium-47 100
Scandium-48 10
Selenium-75 10
Silicon-31 100
Silver-105 10
Silver-1I0m 1
Silver-111 100
Sodium-22 1
Sodium-24 10
Strontium-85 10
Strontium-89 1
Strontium-90 0.1
Strontium-91 10
Strontium-92 10
Sulfur -35 100
Tantalum-182 10
Technetium-96 10
Technetium-97m 100
Technetium-97 100
Technetium-99m 100
Technetium-99 10
Tellurium-125m 10
Tellurium-127m 10
Tellurium-127 100
Tellurium-129m 10
Tellurium-129 100
Tellurium-131m 10
Tellurium-132 10
Terbium-160 10
Thallium-200 100
Thallium-201 100
Thallium-202 100
Thallium-204 10
Thorium (natural)** 100
Thulium-170 10
Thulium-171 10
Tin-113 10
Tin-125 10

* To convert microcurigi(Ci) to kilobecquerel (kBq), multiply theCi value by 37.

**Based on alpha disintegration rate of Th-232,238 and their daughter products.

REGULATIONS FOR CONTROL OF RADIATION IN MISSISSIPPI Office of Health Protection
Division of Radiological Health



176

Material Microcurie*
Tungsten-181 10
Tungsten-185 10
Tungsten-187 100
Uranium (natural)** 100
Uranium-233 0.01
Uranium-234 0.01
Uranium-235 0.01
Vanadium-48 10
Xenon-131m 1,000
Xenon-133 100
Xenon-135 100
Ytterbium-175 100
Yttrium-90 10
Yttrium-91 10
Yttrium-92 100
Yttrium-93 100
Zinc-65 10
Zinc-69m 100
Zinc-69 1,000
Zirconium-93 10
Zirconium-95 10
Zirconium-97 10
Any alpha emitting

radionuclide not listed

above or mixtures of

alpha emitters of

unknown composition 0.01

Any radionuclide other

than alpha emitting

radionuclides, not

listed above or

mixtures of beta

emitters of unknown

composition 0.1

* To convert microcurigi(Ci) to kilobecquerel (kBq), multiply theCi value by 37.

**Based on alpha disintegration rate of U-238, W42&8nd U-235.

NOTE: Where there is involved a combination of aggts in known amounts, the limit for
the combination should be derived as follows: Deiee, for each isotope in the combination,
the ratio between the quantity present in the caatimn and the limit otherwise established for
the specific isotope when not in combination. $hm of such ratios for all the isotopes in the
combination may not exceed "1" — that is, unity.
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Subpart 78
Section 400
APPENDIX G

Nationally Tracked Source Thresholds

. . . Category 1 Category 1 Category 2 Category 2
Radioactive material (qu)y (C?i) y (qu)y (Cg:]i) y
Actinium-227 20 540 0.2 5.4
Americium-241 60 1,600 0.6 16
Americium-241/Be 60 1,600 0.6 16
Californium-252 20 540 0.2 5.4
Cobalt-60 30 810 0.3 8.1
Curium-244 50 1,400 0.5 14
Cesium-137 100 2,700 1 27
Gadolinium-153 1,000 27,00C 10 270
Iridium-192 8C 2,200 0.8 22
Plutonium-238 60 1,600 0.6 16
Plutonium-239/Be 60 1,600 0.6 16
Polonium-210 60 1,600 0.6 16
Promethium-147 40,00C 1,100,00( 400 11,000
Radium-226 40 1,100 0.4 11
Selenium-75 200 5,400 2 54
Strontium-90 1,000 27,00C 10 270
Thorium-228 20 540 0.2 5.4
Thorium-229 20 540 0.2 5.4
Thulium-170 20,00C 540,000 200 5,400
Ytterbium-169 300 8,100 3 81

The Terabecquerel (TBq) values are the regulatanydsard. The curie (Ci) values specified
are obtained by converting from the TBq value. Thee values are provided for practical
usefulness only and are rounded after conversion.
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